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AND METHOD OF DRIVING A SEMICONDUCTOR IHSP^^^E^^ ^ 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a suitable method of driving 
a semiconductor display device using a display medium such as liquid 
crystals or EL (electro luminescence), and to a semiconductor display 
device using the driving method. Furthermore, the present invention 
relates to an electronic device using the semiconductor device display 
device . 

2. Description of the Related Art 

Techniques for manufacturing elements formed using semiconductor 
thin films on an insulating substrate , for example a thin film trans istor 
(TFT) , have advanced rapidly in recent years. The reason for these 
advancements is that the need for semiconductor display devices 
( typically active matrix liquid crystal display devices ) has increased . 

An active matrix liquid crystal display device is a device which 
displays an image by controlling the electric charge applied to between 
several hundreds of thousands and several millions of pixels . arranged 
in a matrix shape, by using pixel switching elements formed by 
transistors (pixel transistors). 

Note that, throughout this specification, the term pixel refers 
to a structure which is mainly structured by a switching element, a 
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pixel electrode connected to the switching element, an opposing 
electrode, and a passive element formed between the pixel electrode 
and the opposing electrode (such as a liquid crystal or electro 
luminescence material) . 
5 A typical example of the display operation of a liquid crystal 

panel of an active matrix liquid crystal display device is explained 
simply below using Figs . 26A and 26B. Fig. 26A is a top surface diagram 
§1 of a liquid crystal panel , and Fig . 26B is a diagram showing an arrangement 

"a S''s 
^ I 

VI of pixels. 

Ill 10 A source signal line driver circuit 701 and source signal lines 

Q SI to S6 are connected. Further, a gate signal line driver circuit 
■H "702 and gate signal lines Gl to G4 are connected. A plurality of pixels 
O 70 3 are formed in portions surrounded by the source signal lines SI 
to S6 and the gate signal lines Gl to G4. A pixel TFT 704 and a pixel 
15 electrode 705 are formed in each of the pixels 703. Note that the 
number of source signal lines and gate signal lines is not limited 
to the value shown here . 

An image signal is input to the source signal line driver circuit 
701 from an IC (not shown in the figures) formed external to the panel. 
20 The image signal input to the source signal line driver circuit 

701 is sampled, and is input to the source signal line SI as a display 
signal. Further, the gate signal line Gl is selected in accordance 
with a selection signal input to the gate signal line Gl from the gate 
signal line driver circuit 702, and all of the pixel TFTs 704 having 
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their gate electrode connected to the gate signal line Gl are placed 
in an ON state. The display signal input to the source signal line 
SI is then input to the pixel electrode 705 of a pixel (1,1) through 
the pixel TFT 704 . Liquid crystals are driven hy the electric potential 
of the input display signal, the amount of light transmitted is 
controlled, and a portion of an image (image corresponding to the pixel 
(1,1)) is displayed. 

While maintaining the state in which the image is displayed in 
the pixel (1,1) by using means such as a storage capacitor (not shown 
in the figure) , the image signal input to the source signal line driver 
circuit 701 is sampled in the next instant, and is input to the source 
signal line S2 as a display signal . Note that the term storage capacitor 
refers to a capacitance for storing the electric potential of a display 
signal input to the gate electrode of the pixel TFT 70 4 for a fixed 
period. 

The gate signal line Gl remains in its selected state, and the 
pixel TFT 704 of a pixel (1,2) of a portion at which the gate signal 
line Gl and the source signal line S2 intersect is placed in an on 
state. The display signal input to the source signal line S2 is then 
input to the pixel electrode 705 of the pixel (1,2) through the pixel 
TFT 704. Liquid crystals are driven by the electric potential of the 
input display signal, the amount of light transmitted is controlled, 
and a portion of an image (image corresponding to the pixel (1,2)) 
is displayed, similar to the display in the pixel (1,1). 



These display operations are performed in order, and portion of 
the image are displayed one after another in all of the pixels (1,1), 
(1,2), (1,3), (1,4), (1,5), and (1,6) connected to the gate signal 
line Gl. The gate signal line Gl continues to be selected during this 
period in accordance with the selection signal input to the gate signal 
line Gl. 

The gate signal line Gl becomes deselected when the display signal 
is input to all of the pixels connected to the gate signal line Gl. 
Continuing, the gate signal line G2 is selected in accordance with 
a selection signal input to the gate signal line G2 . Portions of the 
image are then display in order in all pixels (2,1), (2,2), (2,3), 
(2,4), (2,5), and (2,6) connected to the gate signal line G2 . The 
gate signal line G2 continues to be selected during this period. 

One image is displayed in a pixel portion 706 by repeating the 
above operations for all of the gate signal lines in order. A period 
during which the one image is displayed is referred to as one frame 
period. The period during which one image is displayed in the pixel 
portion 706 may also be combined with a vertical return period and 
taken as one frame period. The state in which the image is displayed 
is then maintained by means such as the storage capacitor (not shown 
in the figures) for all of the pixels until the pixel TFT of each pixel 
is again placed in an ON state. 

Normally, in order to prevent degradation of the liquid crystals, 
the polarity of the electric potential of the signals input to each 



of the pixels is inverted (alternating current drive) with the electric 
potential of the opposing electrodes (opposing electric potential) 
as a reference for liquid crystal panels using TFTs as switching elements . 
Frame inversion drive, source line inversion drive, gate line inversion 
drive, and dot inversion drive can be given a method of alternating 
current drive. Each method is explained below. 

A polarity pattern of an image signal (hereafter referred to simply 
as a polarity pattern) input to each pixel in frame inversion drive 
is shown in Fig. 2 7A. Note that cases in which the electric potential 
of the display signal input to a pixel is positive with respect to 
the opposing electric potential are shown by the symbol w + and cases 
in which the electric potential of the display signal input to a pixel 
is negative with respect to the opposing electric potential are shown 
by the symbol "-"in the figures displaying polarity patterns (Figs. 
27A to 27D, and Figs. 6 to 9 ) within this specification. Further, 
the polarity pattern shown in Figs . 27A to 27D correspond to the pixel 
arrangement shown in Fig. 2 6B. 

Note that, in this specification, the term display signal having 
positive polarity denotes a display signal having an electric potential 
higher than the opposing electric potential . Further , the term display 
signal having a negative polarity denotes a display signal having an 
electric potential lower than the opposing electric potential. 

In addition, there is interlaced scanning as a scanning method 
in which scanning is divided into two times (two fields) during one 



screen (one frame) by odd numbered gate signal lines and even numbered 
gate signal lines, and there is non-interlaced scanning in which the 
odd numbered and even numbered gate signal lines are not divided, with 
scanning performed in order. An example of using mainly non-interlaced 
5 scanning is explained here. 

With frame inversion drive, display signals having the same 
5*13 polarity are input to all of the pixels within an arbitrary frame period 
Pi (polarity pattern 1), and then the polarity of the display signals 
III input to all of the pixels is inverted (polarity pattern 2) , and display 
j|b is performed. In other words , by focusing on only the polarity patterns , 
!i, frame inversion drive is a method of drive in which two types of polarity 
. patterns ( the polarity pattern 1 and the polarity pattern 2) are repeated 
! S! every other frame period. Note that, in this specification, the term 
display signal input to a pixel denotes the display signal being input 
15 to a pixel electrode through a pixel TFT. 

Source line inversion drive is explained next. A pixel polarity 
pattern in source line inversion drive is shown in Fig. 2 7B. 

With source line inversion drive, display signals having the same 
polarity are input to all pixels connected to the same source signal 
20 line in an arbitrary frame period , and display signals having the inverse 
polarity are input to pixels connected to adjacent source signal lines, 
as shown in Fig . 27B. Note that, in this specif icat ion, the term pixels 
connected to a source signal line denotes pixels having a source region 
of a drain region of their pixel TFT connected to the source signal 
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line . 

Display signals having polarities which are the inverse of those 
of the arbitrary frame period are then input to each source signal 
line in the next frame period. Therefore, if the polarity pattern 
in the arbitrary frame period is taken as a polarity pattern 3 , then 
the polarity pattern in the next frame period becomes a polarity pattern 
4. 

Gate line inversion drive is explained next. A pixel polarity 
pattern in gate line inversion drive is shown in Fig. 27C. 

With gate line inversion drive, display signals having the same 
polarity are input to all pixels connected to the same gate signal 
line in an arbitrary frame period , and display signals having the inverse 
polarity are input to pixels connected to adjacent gate signal lines, 
as showninFig. 27C. Note that, in this specif ication, the term pixels 
connected to a gate signal line denotes pixels having the gate electrode 
of their pixel TFT connected to the gate signal line. 

Display signals having polarities which are the inverse of those 
of the arbitrary frame period are then input to the pixels connected 
to each gate signal line in the next frame period. Therefore, if the 
polarity pattern in the arbitrary frame period is taken as a polarity 
pattern 5, then the polarity pattern in the next frame period becomes 
a polarity pattern 6. 

In other words, gate line inversion drive is a driving method 
in which two types of polarity patterns (the polarity pattern 5 and 



the polarity pattern 6) are repeatedly displayed every other frame 
period, similar to source line inversion drive. 

Dot inversion drive is explained next. A polarity pattern in 
dot inversion drive is shown in Fig. 27D. 

Dot line inversion drive is a method in which the polarity of 
display signals input to the pixels is inverted for all adjacent pixels , 
as shown in Fig* 27d. Display signals in an arbitrary frame period, 
having polarities which are the inverse of the display signals of the 
preceding frame period, are input to each pixel. Therefore, if the 
polarity pattern in the arbitrary frame period is taken as a polarity 
pattern 7 , then the polarity pattern in the next frame period becomes 
a polarity pattern 8. Namely, dot inversion drive is a driving method 
in which two types of polarity patterns are repeatedly displayed every 
other frame period. 

The above alternating current drive methods are effective in 
preventing deterioration of liquid crystals . However, there are times 
when screen flicker, vertical stripes , horizontal stripes, or diagonal 
stripes are visible if the above alternating current drive methods 
are used. 

It is thought that this is because, even if display of the same 
gray scale is performed in each pixel, display is performed when the 
polarity of the input display signal is positive, and when the polarity 
of the input display signal is negative , and there are minute differences 
in the screen brightness . This phenomenon is explained in detail below, 
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using an example of frame inversion drive. 

A timing chart for the active matrix liquid crystal display device 
shown in Fig. 26 being driven by frame inversion drive is shown in 
Fig. 28. Note that Fig. 28 is a timing chart for a case in which there 
is white display if the active matrix liquid crystal display device 
is normally black, and there is black display if the active matrix 
liquid crystal display device is normally white . A period during which 
a selection signal is input to one gate signal line is taken as one 
line period, and a period in which selections signals are input to 
all of the gate signal lines and one image is displayed is taken as 
one frame period. 

When a display signal is input to the source signal line SI and 
a selection signal is input to the gate signal line Gl , a positive 
polarity display signal is input to the pixel (1,1) formed in the portion 
at which the source signal line SI and the gate signal line G2 intersect . 
The electric potential imparted to the pixel electrode in the pixel 
(1,1) in accordance with the input display signal then ideally continues 
to be stored throughout the frame period in accordance with means such 
as a storage capacitor. 

However, in practice, when the electric potential of the gate 
signal line Gl shifts to an electric potential for placing the pixel 
TFT in an OFF state when the one line period is complete, the electric 
potential of the pixel electrode is dragged by AV in the direction 
of the shift in the gate signal line Gl electric potential. This 



phenomenon is referred to as field through , and the voltage DV is referred 
to as a punch through voltage . 

The punch through voltage AV is expressed by the following 
equation. 

AV = V x Cgd / (Cgd + Clc + Cs ) 

In the above equation, V is the amplitude of the gate electrode 
electric potential, Cgd is the capacitance between the gate electrode 
and the drain region of the pixel TFT, Clc is the capacitance of the 
liquid crystals between the pixel electrode and the opposing electrode , 
and Cs is the capacitance of the storage capacitor. 

In the timing chart shown in Fig. 28, the actual electric potential 
of the pixel electrode in the pixel (1,1) is shown by a solid line, 
and the ideal electric potential of a pixel electrode in which field 
through is not considered is shown by a dotted line. In a first frame 
period, a positive polarity display signal is input to the pixel (1,1). 
The electric potential of the gate signal line changes in the negative 
direction at the same time as the first line period is completed in 
the first frame period shown in Fig. 28, and the electric potential 
of the pixel electrode of the pixel (1,1) also actually changes in 
the negative direction by the amount of the punch through voltage. 
Note that, in Fig. 28, the punch through voltage during in the first 
frame period is denoted by the symbol AVI . 
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Next, in a first line period of a second frame period, a negative 
polarity display signal, having a polarity which is the inverse of 
that of the first line period of the first frame period, is input to 
the pixel (1,1). The electric potential of the gate signal line Gl 
then changes in the negative direction when the first line period is 
completed in the second frame period. The electric potential of the 
pixel electrode of the pixel (1,1) also actually changes, at the same 
time, in the negative direction by the amount of the punch through 
voltage. Note that, in Fig. 28, the punch through voltage during in 
the second frame period is denoted by the symbol AV2 . 

The drive voltage after the first line period of the first frame 
period is complete is shown by the reference symbol VI, and the drive 
voltage after the first line period of the second frame period is complete 
is shown by the reference symbol V2 in Fig. 28. Note that the term 
drive voltage denotes the electric potential difference between the 
electric potential of the pixel electrode and the electric potential 
of the opposing electrode in this specification. 

The drive voltage VI and the drive voltage V2 have a voltage 
difference of AVI + AV2 . The brightness of the image in the pixel 
(1,1) therefore differs in the first frame period and the second frame 
period. 

A method in which the value of the opposing electric potential 
is made lower can also be considered so as to make the values of the 
drive voltage VI and the drive voltage V2 become the same . 



However, the capacitance Cgd between the gate electrode and the 
drain region of the pixel TFT has different values when positive polarity 
and negative polarity display signals are input to the pixel. In 
addition, the capacitance Clc of the liquid crystal between the pixel 
5 electrode and the opposing electrode also changes in accordance with 
the electric potential of the display signal input to the pixel. The 

value of the punch through voltage AV therefore also changed with each 
Cl frame period because of differing values of Cgd and Clc in each frame 
l|! period. Consequently, even if the value of the opposing electric 
lfjjj potential is changed, for example, the drive voltage in the pixel (1,1) 
Q changed in accordance with the frame period, and the resulting image 
|J brightness changes, 

S% This is a phenomenon not limited to the pixel (1,1), and occurs 

in all of the pixels. The brightness of the pixels therefore differs 
is due to the polarity of the display signals input to the pixels. 

The brightness of the image displayed in the first frame period 
differs from that of the image displayed in the second frame period 
in frame inversion drive, and this is seen as flicker by an observer. 
In particular, conspicuous flicker is confirmed in the display of 
20 intermediate gray scales . 

The brightness of the display also similarly differs in source 
line inversion drive, gate line inversion drive, and dot inversion 
drive between pixels to which a positive polarity display signal is 
input and pixels to which a negative polarity display signal is input. 
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Consequently, vertical stripes are displayed on the screen with 
source line inversion drive, and horizontal stripes are displayed with 
gate line inversion drive . Furthermore , there are times at which 
vertical stripes, horizontal stripes, or diagonal stripes appear with 
5 dot inversion drive, depending upon the image displayed in the screen. 

It has been considered that increasing the frame frequency would 
i|j be effective in order to prevent flicker from being able to be seen 
Si on the screen, and in order to prevent vertical stripes, horizontal 
ui. stripes, and vertical stripes from being visible with alternating 
||Q current drive. 

However, it is necessary to increase the frequency of the image 
s ; ; signal input to the IC in order to increase the frame frequency. If 
f :J: the frequency of the image signal is raised, it then becomes necessary 
to increase the specification of electronic devices for generating 
15 the image signal, and the cost is increased. Further, the drive 
frequency of the electronic devices that generate the image signal 
becomes unable to handle the image signal frequency, and a load is 
imparted on the electronic devices that generate the image signals. 
Operation may become impossible, and there is the possibility that 
20 difficulties will develop due to reliability. 

SUMMARY OF THE INVENTION 
In view of the above problems, an object of the present invention 
is to provide a method of driving a semiconductor device capable of 
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performing clear display of a high definition image, in which flicker, 
vertical stripes, horizontal stripes, and diagonal stripes are made 
difficult to detect by an observer. In addition, an object of the 
present invention is to provide a semiconductor device using the driving 
5 method. 

With the present invention, the prescribed frame frequency of 
*l! an image signal input to a semiconductor display device from the outside 
O is increased in a frame rate conversion portion of the semiconductor 
III display device. Note that, in this specification, the term frame rate 

conversion portion denotes a circuit which changes the frequency of 
n an input signal and then outputs the changed frequency signal. The 
U electric potential of display signals input to each pixel is then 
S inverted in consecutive frame periods, with the electric potential 

of an opposing electrode (opposing electric potential) as a reference, 
15 and the same image is displayed in a pixel portion in the two consecutive 

frame periods. 

Flicker, vertical stripes, horizontal stripes, and diagonal 
strips can be made more difficult to notice by an observer, and clear 
display of a high definition image can be performed in accordance with 
20 the above structure . 

Further, in accordance with using frame inversion in particular 
with the present invention, the development of stripes due to a 
phenomenon referred to as disclination between adjacent pixels can 
be suppressed, and drops in the brightness of the image displayed over 
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an entire screen can be prevented. Disclination is a phenomenon in 
which an electric field develops between pixel electrodes to which 
a positive display signal is input, and pixel electrodes to which a 
negative display signal is input, and the orientation of liquid crystal 
5 molecules becomes disordered. The distance between pixel electrodes 
of adjacent pixels becomes shorter when the pixels are made more high 

%1 definition, and therefore the electric field between the pixel 

Ml 

CI electrodes becomes larger, and the aperture ratio is seen to drop 

i if-? 

||l remarkably due to the disclination. The use of frame inversion in 

iftf particular by the present invention is therefore effective in that 

Sky 

gi the brightness of the overall display screen is not reduced. 

§ 

y, The frame conversion portion in the semiconductor display device 

^| of the present invention has one RAM or a plurality of RAMs . An image 

b 

signal input from the outside is written into the one RAM , or into 
15 one of the plurality of RAMs, and the input image signals are then 
output two times each, in order. Input of the image signal to the 
RAM, and output of the image signal from the RAM, can be performed 
at the same time in accordance with the above structure. 

Further, it is very important that a period for outputting the 
20 read in image signal one time from the RAM be shorter than a period 
for inputting the image signal to the RAM with the present invention. 
In accordance with he above structure, the frequency of the image signal 
after being output from the RAM can be made higher than the frequency 
of the image signal before it is input to the RAM. 
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In addition, it is also very important that the electric potential 
of one display signal, from among two display signals generated using 
the image signal output twice from the RAM , be inverted, with the electric 
potential of the opposing electrode (opposing electric potential) as 
a reference. Two display signals having inverted polarities are 
therefore generated. The electric potential of the display signals 
input to each pixel are inverted, with the electric potential of the 
opposing electrodes (opposing electric potential) as a reference, in 
each of two consecutive frame periods, and the same image is therefore 
displayed in a pixel portion in the two consecutive frame periods. 

The frame frequency can therefore be increased without increasing 
the frequency of the image signal input to an IC, there is no load 
placed on electronic equipment which generates the image signal, and 
clear display of a high definition image can be performed with flicker, 
vertical stripes, horizontal stripes, and diagonal stripes being 
difficult to see by an observer. 

Further, by using frame inversion in particular with the present 
invention, the generation of stripes due to the phenomenon referred 
to as disclination between adjacent pixels can be suppressed, and a 
reduction in the brightness of the overall display screen can be 
prevented. 

The time average of the electric potential of the display signals 
input to each pixel become very close to the opposing electric potential , 
and this is very effective in preventing degradation of liquid crystals 



compared to a case of inputting different display signals into each 
pixel during each frame period. 

The present invention can be used in all alternating current drive 
methods, such as frame inversion drive, source line inversion drive, 
gate line inversion drive, and dot inversion drive. 

Note that, with the present invention, the plurality of RAMs and 
the source signal line driver circuit may be formed on the IC substrate, 
and they may also be formed on the active matrix substrate on which 
the pixel portion is formed. Furthermore, a portion of the source 
signal line driver circuit may be formed on the active matrix substrate, 
and the remainder may be formed on the IC substrate, and the two may 
be connected by means such as an FPC. 

Note that, in the semiconductor display device of the present 
invention, transistors used in the pixels may be transistors formed 
using single crystal silicon, and they may be thin film transistors 
which use polycrystalline or amorphous silicon. Further, transistors 
using organic semiconductors may also be used. 

Structures of the present invention are shown below. 

According to the present invention, there is provided a 
semiconductor device comprising: a plurality of pixel TFTs; a plurality 
of pixel electrodes; an opposing electrode; and a frame rate conversion 
portion; characterized in that: 

a display signal is input to the plurality of pixel electrodes 
through the plurality of pixel TFTs ; 
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all of the display signals input to the plurality of pixel 
electrodes have the same polarity within each frame period, with the 
electric potential of the opposing electrode as a reference; 

the frame rate conversion portion operates in synchronous 
with the display signals ; and 

among two arbitrary, adjacent frame periods, the display 
signal input to the plurality of pixel electrodes in the latter frame 
period to appear has an electric potential which is an inversion of 
the display signal input to the plurality of pixel electrodes in the 
former frame period, with the electric potential of the opposing 
electrode as a reference. 

According to the present invention, there is provided a 
semiconductor device comprising: a plurality of pixel TFTs ; a plurality 
of pixel electrodes ; an opposing electrode; a plurality of source signal 
lines; and a frame rate conversion portion; characterized in that: 
a display signal input to the plurality of source signal 
lines is then input to the plurality of pixel electrodes through the 
plurality of pixel TFTs ; 

within each frame period: display signals having mutually 
inverse polarities, with the electric potential of the opposing 
electrode as a reference, are input to source signal lines which are 
adjacent to the plurality of source signal lines ; and the display signals 
input to each of the plurality of source signal line always have the 
same polarity, with the electric potential of the opposing electrode 
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as a reference; 

the frame rate conversion portion operates in synchronous 
with the display signals; and 

among two arbitrary, adjacent frame periods, the display 
signal input to the plurality of pixel electrodes in the latter frame 
period to appear has an electric potential which is an inversion of 
the display signal input to the plurality of pixel electrodes in the 
former frame period, with the electric potential of the opposing 
electrode as a reference. 

According to the present invention, there is provided a 
semiconductor device comprising: a plurality of pixel TFTs ; a plurality 
of pixel electrodes; an opposing electrode; apluralityof source signal 
lines; and a frame rate conversion portion; characterized in that: 

a display signal input to the plurality of source signal 
lines is then input to the plurality of pixel electrodes through the 
plurality of pixel TFTs ; 

within each frame period: the display signals input to all 
of the plurality of source signal lines always have the same polarity, 
with the electric potential of the opposing electrode as a reference; 

the polarities of the display signals input to the plurality 
of source signal lines are mutually inverted in adjacent line periods, 
with the electric potential of the opposing electrode as a reference; 

the frame rate conversion portion operates in synchronous 
with the display signals ; and 
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among two arbitrary, adjacent frame periods, the display 
signal input to the plurality of pixel electrodes in the latter frame 
period to appear has an electric potential which is an inversion of 
the display signal input to the plurality of pixel electrodes in the 
5 former frame period, with the electric potential of the opposing 
electrode as a reference. 
\Q According to the present invention, there is provided a 

r| semiconductor device comprising: a plurality of pixel TFTs ; a plurality 
III of pixel electrodes ; an opposing electrode ; a plurality of source signal 
Ip lines; and a frame rate conversion portion; characterized in that: 
Si- a display signal input to the plurality of source signal 

h$ \ ■ 

lines is input to the plurality of pixel electrodes through the plurality 
Jjj of pixel TFTs ; 

F * within each frame period: display signals having mutually 

15 inverse polarities, with the electric potential of the opposing 
electrode as a reference, are input to source signal lines adjacent 
to the plurality of source signal lines ; 

the polarities of the display signals input to the plurality 
of source signal lines are mutually inverted in adjacent line periods, 
20 with the electric potential of the opposing electrode as a reference ; 

the frame rate conversion portion operates in synchronous 
with the display signals; and 

among two arbitrary, adjacent frame periods, the display 
signal input to the plurality of pixel electrodes in the latter frame 
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period to appear has an electric potential which is an inversion of 
the display signal input to the plurality of pixel electrodes in the 
former frame period, with the electric potential of the opposing 
electrode as a reference . 

According to the present invention, there is provided a 
semiconductor display device comprising; a pixel portion having a 
plurality of pixels; a source signal line driver circuit; and a frame 
rate conversion portion; characterized in that: 

each of the plurality of pixels has: a pixel TFT; a pixel 
electrode; and an opposing electrode; 

the frame rate conversion portion has one RAM, or a plurality 

Of RAMs ; 

image signals are written into the one RAM , or into one of 
the plurality of RAMs; 

the image signals written into the one RAM , or into one of 
the plurality of RAMs, are each read out twice; 

the image signals which are read out twice from the one RAM 
or from one of the plurality of RAMs are then input to the source signal 
line driver circuit ; 

two display signals are generated by the source signal line 
driver circuit ; 

the two display signals have mutually inverted polarities; 

the two generated display signals are input to the pixel 
electrodes through the pixel TFTs; and 
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a period in which one image signal is written into the one 
RAM or is written into one of the plurality of RAMs is longer than 
a period during which the written in image signal is read out a first 
time, and longer than a period during which the written in image signal 
is read out a second time. 

According to the present invention, there is provided a 
semiconductor display device comprising: a pixel portion having a 
plurality of pixels; a source signal line driver circuit; and a frame 
rate conversion portion; characterized in that: 

the plurality of pixels each has: a pixel TFT; a pixel 
electrode; and an opposing electrode; 

the frame rate conversion portion has one RAM, or a plurality 

of RAMs; 

image signals are written into the one RAM, or into one of 
the plurality of RAMs; 

the image signals written into the one RAM, or into one of 
the plurality of RAMs, are each read out twice; 

the image signals which are read out twice from the one RAM 
or from one of the plurality of RAMs are both converted into analog 
signals in a D/A converter circuit, and then input to the source signal 
line driver circuit ; 

two display signals are generated by the source signal line 
driver circuit; 

the two display signals have mutually inverted polarities; 



the two generated display signals are input to the pixel 
electrodes through the pixel TFTs ; and 

a period in which one image signal is written into the one 
RAM or is written into one of the plurality of RAMs is longer than 
a period during which the written in image signal is read out a first 
time, and longer than a period during which the written in image signal 
is read out a second time. 

According to the present invention, there is provided a 
semiconductor display device comprising: a pixel portion having a 
plurality of pixels; a source signal line driver circuit; and a frame 
rate conversion portion; characterized in that: 

the plurality of pixels each has: a pixel TFT; a pixel 
electrode; and an opposing electrode; 

the frame rate conversion portion has one RAM, or a plurality 

of RAMs ; 

image signals are written into the one RAM, or into one of 
the plurality of RAMs ; 

the image signals written into the one RAM, or into one of 
the plurality of RAMs, are each read out twice; 

the image signals which are read out twice from the one RAM 
or from one of the plurality of RAMs are both input to the source signal 
line driver circuit; 

two display signals are generated by the source signal line 
driver circuit ; 
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the two display signals have mutually inverted polarities; 

the two generated display signals are input to the pixel 
electrodes through the pixel TFTs ; 

within each frame period, all of the display signals input 
to the pixel electrodes have the same polarity, with the electric 
potential of the opposing electrode as a reference; and 

a period in which one image signal is written into the one 
RAM or is written into one of the plurality of RAMs is longer than 
a period during which the written in image signal is read out a first 
time, and longer than a period during which the written in image signal 
is read out a second time. 

According to the present invention, there is provided a 
semiconductor display device comprising: a pixel portion having a 
plurality of pixels; a source signal line driver circuit; and a frame 
rate conversion portion; characterized in that: 

the plurality of pixels each has: a pixel TFT; a pixel 
electrode; and an opposing electrode; 

the frame rate conversion portion has one RAM, or a plurality 

of RAMs; 

image signals are written into the one RAM, or into one of 
the plurality of RAMs ; 

the image signals written into the one RAM, or into one of 
the plurality of RAMs, are each read out twice; 

the image signals which are read out twice from the one RAM 



or from one of the plurality of RAMs are both converted into analog 
signals in a D/A converter circuit, and then input to the source signal 
line driver circuit; 

two display signals are generated by the source signal line 
driver circuit ; 

the two display signals have mutually inverted polarities; 

the two generated display signals are input to the pixel 
electrodes through the pixel TFTs ; 

within each frame period, all of the display signals input 
to the pixel electrodes have the same polarity, with the electric 
potential of the opposing electrode as a reference; and 

a period in which one image signal is written into the one 
RAM or is written into one of the plurality of RAMs is longer than 
a period during which the written in image signal is read out a first 
time, and longer than a period during which the written in image signal 
is read out a second time. 

According to the present invention, there is provided a 
semiconductor display device comprising: a pixel portion having a 
plurality of pixels; a source signal line driver circuit; a plurality 
of source signal lines; and a frame rate conversion portion; 
characterized in that: 

the plurality of pixels each has: a pixel TFT; a pixel 
electrode; and an opposing electrode; 

the frame rate conversion portion has one RAM, or a plurality 
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of RAMs ; 

image signals are written into the one RAM, or into one of 
the plurality of RAMs; 

the image signals written into the one RAM, or into one of 
5 the plurality of RAMs, are each read out twice; 

the image signals which are read out twice from the one RAM 
J-j or from one of the plurality of RAMs are both input to the source signal 
%l line driver circuit; 

Hi two display signals are generated by the source signal line 

£t> driver circuit; 

~ 5..; 

the two display signals have mutually inverted polarities; 

the tw ° generated display signals are input to the pixel 
III electrodes through the plurality of source signal lines and through 
rv the pixel TFTs ; 

15 within each frame period: display signals having mutually 

inverse polarities, with the electric potential of the opposing 
electrode as a reference, are input to source signal lines adjacent 
to the plurality of source signal lines; and the display signals input 
to the plurality of source signal lines always have the same polarity, 
with the electric potential of the opposing electrode as a reference; 
and 

a period in which one image signal is written into the one 
RAM or is written into one of the plurality of RAMs is longer than 
a period during which the written in image signal is read out a first 
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time, and longer than a period during which the written in image signal 
is read out a second time. 

According to the present invention, there is provided a 
semiconductor display device comprising: a pixel portion having a 
5 plurality of pixels; a source signal line driver circuit; a plurality 
of source signal lines; and a frame rate conversion portion* 
%!J characterized in that: 

Cl the plurality of pixels each has: a pixel TFT; a pixel 

111 

III electrode; and an opposing electrode; 

ft the frame rate conversion portion has one RAM, or a plurality 

m of RAMs ; 

y, image signals are written into the one RAM, or into one of 

,1;; the plurality of RAMs; 

the image signals written into the one RAM, or into one of 
15 the plurality of RAMs, are each read out twice; 

the image signals which are read out twice from the one RAM 
or from one of the plurality of RAMs are both converted into analog 
signals in a D/A converter circuit and then input to the source signal 
line driver circuit ; 

20 two display signals are generated by the source signal line 

driver circuit; 

the two display signals have mutually inverted polarities; 
the two generated display signals are input to the pixel 
electrodes through the plurality of source signal lines and through 
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the pixel TFTs ; 

within each frame period: display signals having mutually 
inverse polarities, with the electric potential of the opposing 
electrode as a reference, are input to source signal lines adjacent 
to the plurality of source signal lines; and the display signals input 
to the plurality of source signal lines always have the same polarity, 
with the electric potential of the opposing electrode as a reference; 
and 

a period in which one image signal is written into the one 
RAM or is written into one of the plurality of RAMs is longer than 
a period during which the written in image signal is read out a first 
time, and longer than a period during which the written in image signal 
is read out a second time. 

According to the present invention, there is provided a 
semiconductor display device comprising: a pixel portion having a 
plurality of pixels; a source signal line driver circuit; a plurality 
of source signal lines; and a frame rate conversion portion; 
characterized in that: 

the plurality of pixels each has: a pixel TFT; a pixel 
electrode; and an opposing electrode; 

the frame rate conversion portion has one RAM, or a plurality 

of RAMs ; 

image signals are written into the one RAM, or into one of 
the plurality of RAMs ; 
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the image signals written into the one RAM , or into one of 
the plurality of RAMs, are each read out twice; 

the image signals which are read out twice from the one RAM 
or from one of the plurality of RAMs are both input to the source signal 
line driver circuit ; 

two display signals are generated by the source signal line 
driver circuit ; 

the two display signals have mutually inverted polarities; 

the two generated display signals are input to the pixel 
electrodes through the plurality of source signal lines and through 
the pixel TFTs ; 

within each line period, the display signals input to all 
of the plurality of source signal lines always have the same polarity, 
with the electric potential of the opposing electrode as a reference; 

the polarities of the display signals input to the plurality 
of source signal lines are mutually inverted in adjacent line periods, 
with the electric potential of the opposing electrode as a reference; 
and 

a period in which one image signal is written into the one 
RAM or is written into one of the plurality of RAMs is longer than 
a period during which the written in image signal is read out a first 
time , and longer than a period during which the written in image signal 
is read out a second time. 

According to the present invention, there is provided a 



semiconductor display device comprising: a pixel portion having a 
plurality of pixels; a source signal line driver circuit; and a frame 
rate conversion portion; characterized in that: 

the plurality of pixels each has: a pixel TFT; a pixel 
electrode; and an opposing electrode; 

the frame rate conversion portion has one RAM, or a plurality 

Of RAMs; 

image signals are written into the one RAM, or into one of 
the plurality of RAMs ; 

the image signals written into the one RAM , or into one of 
the plurality of RAMs, are each read out twice ; 

the image signals which are read out twice from the one RAM 
or from one of the plurality of RAMs are both converted into analog 
signals in a D/A converter circuit, and then input to the source signal 
line driver circuit ; 

two display signals are generated by the source signal line 
driver circuit ; 

the two display signals have mutually inverted polarities; 

the two generated display signals are input to the pixel 
electrodes through the pixel TFTs ; 

within each line period, the display signals input to all 
of the plurality of source signal lines always have the same polarity, 
with the electric potential of the opposing electrode as a reference; 

the polarities of the display signals input to the plurality 
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of source signal lines are mutually inverted in adjacent line periods, 
with the electric potential of the opposing electrode as a reference; 
and 

a period in which one image signal is written into the one 
RAM or is written into one of the plurality of RAMs is longer than 
a period during which the written in image signal is read out a first 
time, and longer than a period during which the written in image signal 
is read out a second time. 

According to the present invention, there is provided a 
semiconductor display device comprising: a pixel portion having a 
plurality of pixels; a source signal line driver circuit; a plurality 
of source signal lines; and a frame rate conversion portion; 
characterized in that: 

the plurality of pixels each has: a pixel TFT; a pixel 
electrode; and an opposing electrode; 

the frame rate conversion portion has one RAM, or a plurality 

of RAMs ; 

image signals are written into the one RAM, or into one of 
the plurality of RAMs ; 

the image signals written into the one RAM, or into one of 
the plurality of RAMs , are each read out twice; 

the image signals which are read out twice from the one RAM 
or from one of the plurality of RAMs are both input to the source signal 
line driver circuit ; 



two display signals are generated by the source signal line 
driver circuit ; 

the two display signals have mutually inverted polarities; 

the two generated display signals are input to the pixel 
electrodes through the pixel TFTs ; 

display signals having mutually inverse polarities, with 
the electric potential of the opposing electrode as a reference, are 
input to source signal lines adjacent to the plurality of source signal 
lines within each frame period; 

the polarities of the display signals input to the plurality 
of source signal lines are mutually inverted in adjacent line periods, 
with the electric potential of the opposing electrode as a reference; 
and 

a period in which one image signal is written into the one 
RAM or is written into one of the plurality of RAMs is longer than 
a period during which the written in image signal is read out a first 
time , and longer than a period during which the written in image signal 
is read out a second time. 

According to the present invention, there is provided a 
semiconductor display device comprising: a pixel portion having a 
plurality of pixels ; a source signal line driver circuit ; a plurality 
of source signal lines; and a frame rate conversion portion; 
characterized in that: 

the plurality of pixels each has: a pixel TFT; a pixel 
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electrode; and an opposing electrode; 

the frame rate conversion portion has one RAM, or a plurality 

Of RAMS ; 

image signals are written into the one RAM, or into one of 
the plurality of RAMs; 

the image signals written into the one RAM, or into one of 
the plurality of RAMs, are each read out twice; 

the image signals which are read out twice from the one RAM 
or from one of the plurality of RAMs are both converted into analog 
signals in a D/A converter circuit, and then input to the source signal 
line driver circuit ; 

two display signals are generated by the source signal line 
driver circuit ; 

the two display signals have mutually inverted polarities; 

the two generated display signals are input to the pixel 
electrodes through the pixel TFTs ; 

display signals having mutually inverse polarities, with 
the electric potential of the opposing electrode as a reference, are 
input to source signal lines adjacent to the plurality of source signal 
lines within each frame period; 

the polarities of the display signals input to the plurality 
of source signal lines are mutually inverted in adjacent line periods, 
with the electric potential of the opposing electrode as a reference; 
and 
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a period in which one image signal is written into the one 
RAM or is written into one of the plurality of RAMs is longer than 
a period during which the written in image signal is read out a first 
time, and longer than a period during which the written in image signal 
is read out a second time. 

According to the present invention, there is provided a method 
of driving a semiconductor display device having a plurality of pixel 
TFTs, a plurality of pixel electrodes, an opposing electrode, and a 
frame rate conversion portion, characterized in that: 

display signals are input to the plurality of pixel electrodes 
through the plurality of pixel TFTs ; 

the frame rate conversion portion operates in synchronous 
with the display signals; and 

among two arbitrary, adjacent frame periods, the display 
signal input to the plurality of pixel electrodes in the latter frame 
period to appear has an electric potential which is an inversion of 
the display signal input to the plurality of pixel electrodes in the 
former frame period, with the electric potential of the opposing 
electrode as a reference. 

According to the present invention, there is provided a method 
of driving a semiconductor display device having a plurality of pixel 
TFTs, a plurality of pixel electrodes, an opposing electrode, and a 
frame rate conversion portion, characterized in that: 

display signals are input to the plurality of pixel electrodes 
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through the plurality of pixel TFTs ; 

all display signals input to the plurality of pixel electrodes 

\ 

have the same polarity within each frame period, with the electric 
potential of the opposing electrode as a reference; 

the frame rate conversion portion operates in synchronous 
with the display signals; and 

among two arbitrary, adjacent frame periods, the display 
signal input to the plurality of pixel electrodes in the latter frame 
period to appear has an electric potential which is an inversion of 
the display signal input to the plurality of pixel electrodes in the 
former frame period, with the electric potential of the opposing 
electrode as a reference. 

According to the present invention, there is provided a method 
of driving a semiconductor display device having a plurality of pixel 
TFTs, a plurality of pixel electrodes, an opposing electrode, a 
plurality of source signal lines, and a frame rate conversion portion, 
characterized in that: 

display signals input to the plurality of source signal lines 
are then input to the plurality of pixel electrodes through the plurality 
of pixel TFTs; 

within each frame period: display signals having mutually 
inverse polarities, with the electric potential of the opposing 
electrode as a reference, are input to source signal lines adjacent 
to the plurality of source signal lines; and the display signals input 
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to the plurality of source signal lines always have the same polarity, 
with the electric potential of the opposing electrode as a reference; 

the frame rate conversion portion operates in synchronous 
with the display signals; and 
5 among two arbitrary, adjacent frame periods, the display 

signal input to the plurality of pixel electrodes in the latter frame 
m period to appear has an electric potential which is an inversion of 
fpl the display signal input to the plurality of pixel electrodes in the 
former frame period, with the electric potential of the opposing 
*|i> electrode as a reference. 

According to the present invention, there is provided a method 
M of driving a semiconductor display device having a plurality of pixel 
f; TFTs, a plurality of pixel electrodes, an opposing electrode, a 
p plurality of source signal lines, and a frame rate conversion portion, 
15 characterized in that: 

display signals input to the plurality of source signal lines 
are then input to the plurality of pixel electrodes through the plurality 
of pixel TFTs ; 

within each line period, the display signals input to all 
20 of the plurality of source signal lines always have the same polarity, 
with the electric potential of the opposing electrode as a reference; 

the polarities of the display signals input to the plurality 
of source signal lines are mutually inverted in adjacent line periods, 
with the electric potential of the opposing electrode as a reference; 
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the frame rate conversion portion operates in synchronous 
with the display signals; and 

among two arbitrary, adjacent frame periods, the display 
signal input to the plurality of pixel electrodes in the latter frame 
period to appear has an electric potential which is an inversion of 
the display signal input to the plurality of pixel electrodes in the 
former frame period, with the electric potential of the opposing 
electrode as a reference. 

According, to the present invention, there is provided a method 
of driving a semiconductor display device having a plurality of pixel 
TFTs, a plurality of pixel electrodes, an opposing electrode, a 
plurality of source signal lines, and a frame rate conversion portion, 
characterized in that: 

display signals input to the plurality of source signal lines 
are then input to the plurality of pixel electrodes through the plurality 
of pixel TFTs; 

display signals having mutually inverse polarities, with 
the electric potential of the opposing electrode as a reference, are 
input to source signal lines adjacent to the plurality of source signal 
lines within each frame period; 

the polarities of the display signals input to the plurality 
of source signal lines are mutually inverted in adjacent line periods, 
with the electric potential of the opposing electrode as a reference ; 

the frame rate conversion portion operates in synchronous 



with t±te display signals; and 

among two arbitrary, adjacent frame periods, the display 
signal input to the plurality of pixels in the latter frame period 
to appear has an electric potential which is an inversion of the display 
signal input to the plurality of pixels in the former frame period, 
with the electric potential of the opposing electrode as a reference 

The RAM may be an SDRAM with the present invention. 

The present invention includes computers , video cameras , and DVD 
players using the semiconductor display device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings : 

Fig. 1 is a block diagram of a frame rate conversion portion of 
a semiconductor display device of the present invention; 

Figs . 2A and 2B are block diagrams of a frame frequency conversion 
portion; 

Fig. 3 is a diagram showing timing for input and output of an 
image signal to and from an SDRAM; 

Figs. 4 A and 4B are a diagram of a pixel portion and a driver 
circuit , and a pixel pattern diagram, respectively, of a semiconductor 
display device of the present invention; 

Fig. 5 is a timing chart of a selection signal and a display signal 
in a pixel portion; 

Fig. 6 is a pattern diagram showing the polarity of a display 
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signal input to a pixel portion during frame inversion drive ; 

Fig. 7 is a pattern diagram showing the polarity of a display 
signal input to a pixel portion during source line inversion drive; 

Fig. 8 is a pattern diagram showing the polarity of a display 
signal input to a pixel portion during gate line inversion drive ; 

Fig. 9 is a pattern diagram showing the polarity of a display 
signal input to a pixel portion during dot inversion drive; 

Fig. 10 is a diagram showing timing for input and output of an 
image signal to and from an SDRAM; 

Fig. 11 is a diagram showing timing for input and output of an 
image signal to and from an SDRAM; 

Fig. 12 is a block diagram of a frame rate conversion portion 
of a semiconductor display device of the present invention 

Fig. 13 is a diagram showing timing for input and output of an 
image signal to and from an SDRAM; 

Fig. 14 is a diagram of a pixel portion and a driver circuit of 
an analog drive semiconductor display device of the present invention; 

Fig. 15 is a circuit diagram of a source signal line driver circuit ; 

Figs. 16A and 16B are circuit diagrams of an analog switch and 
a level shift circuit; 

Fig. 17 is a block diagram of a frame rate conversion portion 
of a semiconductor display device of the present invention; 

Fig. 18 is a diagram of a pixel portion and a driver circuit of 
a digital drive semiconductor display device of the present invention; 
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Figs. 19A to 19D are diagrams showing a process of manufacturing 
a semiconductor display device; 

Figs . 20A to 20C are diagrams showing the process of manufacturing 
the semiconductor display device; 

Figs . 21A and 21B are diagrams showing the process of manufacturing 
the semiconductor display device ; 

Figs . 22A and 22B are diagrams showing the process of manufacturing 
the semiconductor display device; 

Figs. 23A to 23F are diagrams of electronic devices applying the 
present invention ; 

Figs. 24A to 24D are diagrams of projectors applying the present 
invention; 

Figs, 25A to 25C are diagrams of projectors applying the present 
invention; 

Figs. 26A and 26B are a top surface diagram of an active matrix 
liquid crystal display device , and a diagram showing a pixel arrangement , 
re spec t ively ; 

Figs. 27A to 27D are diagrams showing electric potential patterns 
in alternating current drive; and 

Fig. 28 is a timing chart of conventional frame inversion drive. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiment mode 

A frame rate conversion portion of a semiconductor display device 
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of the present invention is explained below using Fig. 1. Note that 
a structure using an SDRAM (synchronous dynamic random access memory) 
is shown as a RAM in the embodiment mode . However, the present invention 
is not limited to this RAM structure, and provided that it is possible 
to input and output date at high speed, it is also possible to use 
a DRAM (dynamic random access memory) and an SRAM ( static random access 
memory) . 

A frame rate conversion portion 100 has a control portion 101, 
a frame frequency conversion portion 102, and an address generator 
portion 106. Further, the frame frequency conversion portion 102 has 
a first SDRAM (SDRAM 1) 103, a second SDRAM (SDRAM 2) 104, and a date 
format portion 105. Reference numeral 107 denotes a D/A converter 
circuit, which converts an image signal output from the frame rate 
conversion portion 100 from digital to analog. 

Note that although the frame frequency conversion portion 102 
has two SDRAMs (the first SDRAM 103 and the second SDRAM 104) in the 
embodiment mode, the number of SDRAMs is not limited to two, and any 
number may be used. A case in which there are two SDRAMs is used in 
order to simplify the explanation in the embodiment mode. 

An Hsync signal, a Vsync signal, and a CLK signal are input to 
the control portion 101. An address generator control signal for 
controlling drive of the address generator portion, and SDRAM control 
signals RAM CLK1 and RAM CLK2 for controlling drive of the first SDRAM 
103 and the second SDRAM 104, are output from the control portion 101 



in accordance with the Hsync signal, the Vsync signal, and the CLK 
signal. 

The address generator portion 106 is driven in accordance with 
the address generator control signal input from the control portion 
5 101, and determines counter values for specifying the memory address 
locations of the first SDRAM 103 and the second SDRAM 104. For example, 
if the counter value is 0, then the memory address location 0 of the 
JjJ first SDRAM 103 and the second SDRAM 104 is specified. If the counter 
MI value is 1, then the memory address location 1 is specified, if the 

yj 

jv 10 counter value is 2, the memory address location 2 is specified; the 
!«* memory address location q is specified if the counter value is q. 
yi Counter value information is input to the first SDRAM 103 and 

yj to the second SDRAM 104 from the address generator portion 106 as a 
p first counter signal (address count signal 1) and as a second counter 
15 signal (address count signal 2), respectively. Note that the counter 
value of the first counter signal is referred to as a first counter 
value , and that the counter value of the second counter signal is referred 
to as a second counter value. 

A digital image signal (video signal) is input from the outside 
20 to the data format portion 105. Further, the data format portion 105 
is connected to an alternating current electric power source (AC cont ) . 

The digital image signal input to the data format portion 105 
is written into specified locations of the first and the second SDRAMs 
103 and 104, in order, in accordance with the first counter signal 
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and the second counter signal. The digital image signal is not input 
to a plurality of SDRAMs at the same time, but is always written to 
only one SDRAM. 

The number of bits of the digital video signal input to the data 
format portion 105 may also be increased, and then written to the first 
SDRAM 103 and the second SDRAM 104. 

The input image signal is next read out from locations of the 
first and the second SDRAMs 103 and 10 4, in order, in accordance with 
the first counter signal and the second counter signal. The digital 
image signal is not output from a plurality of SDRAMs at the same time, 
but is always output from only one SDRAM. 

Note that output of the image signal is performed twice. Input 
of the image signal to one SDRAM is then performed in parallel with 
output of the image signal from another SDRAM. 

Operation of the frame frequency conversion portion 102 of Fig. 
1 is explained in detail using Figs. 2A and 2B. An image signal is 
written to the first SDRAM 103 in Fig. 2A, and an image signal written 
to the second SDRAM 104 is simultaneously output twice. In Fig. 2B, 
an image signal written to the first SDRAM 103 is output twice at the 
same time as an image signal is input to the second SDRAM 104. 

Note that , although an example of using an SDRAM to which an image 
signal corresponding to only one image portion can be input is shown 
in the embodiment mode, the present invention is not limited to this 
example. A structure utilizing a RAM capable of handling an input 



image signal corresponding to more than one image portion may also 
be used. Only one RAM may be used in the present invention, provided 
that it is capable of handling an input image signal corresponding 
to at least two image portions. Conversely, an image signal 
5 corresponding to one image portion may be input by using a plurality 
of RAMs if an image signal corresponding to one image portion cannot 
be input to the RAM. 
;|f Image signal input and output timing in the first SDRAM 103 and 

111 the second SDRAM 104 is shown in Fig. 3. An image signal is written 

||1 

*|S.O to the first SDRAM 103 in a write in period p. The image signal input 

111. 

*?; to the first SDRAM 103 during the write in period p is then written 
%j out two times, during a first read out period p appearing next and 
M during a second read out period p. 

Further, an image signal is written to the second SDRAM 10 4 in 
15 a write in period (p-1) . The image signal input to the second SDRAM 
104 during the write in period (p-1) is then written out two times, 
during a first read out period (p-1) appearing next and during a second 
read out period (p-1). 

The write in period p and the first and the second read out periods 
20 (p-1) appear simultaneously. Namely, read out of the image signal 
two times from the second SDRAM 104 occurs in parallel with write in 
of the image signal to the first SDRAM 103. 

Further, the write in period (p+1) and the first and the second 
read out periods p appear simultaneously. Namely, read out of the 
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image signal two times from the first SDRAM 103 occurs in parallel 
with write in of the image signal to the second SDRAM 104. 

A write in period (p+2) appears when the first and the second 
read out periods p are complete, and the image signal is again written 
to the first SDRAM 103. In parallel with this, a first and a second 
read out period (p+1) appear, and the image signal is read out two 
times from the second SDRAM 104. 

The read out image signal is then input to the data format portion 
105. One of the image signals, from among the image signals read out 
two times, then undergoes data processing in the data format portion 
105 so that its polarity is inverted, with the electric potential of 
an opposing electrode of liquid crystals as a reference, when converted 
into analog. The two image signals, the data processed image signal 
and the image signal which has not undergone data processing, are then 
output from the data format portion 10 5 as processed image signals 
(processed video signals). 

The two image signals output from the data format portion 105 
are then input to the D/A converter circuit 107 and converted to analog. 
Note that two electric power source voltages, high and low, are 
constantly imparted to the D/A converter circuit 107, and that two 
analog image signals having inverse polarities, with the electric 
potential of the opposing electrode as a reference, are output from 
the D/A converter circuit 107. The two image signals converted to 
analog are then input to a source signal line driver circuit in order. 
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Note that the image signals may be converted serial to parallel 
in the data format portion 105, divided into a number of divisions 
corresponding to divided drive, and then input to the D/A converter 
circuit 107. 

Division drive is a method of driving in order to suppress the 
drive frequency of the source signal line driver circuit without making 
the image display speed slower. Specifically, it is a method of driving 
in which source signal lines are divided into m groups, and display 
signals are input simultaneously to the m source signal lines within 
one line period. 

A structure of a pixel portion of an active matrix liquid crystal 
display device using the driving method of the present invention is 
shown in Figs. 4A and 4B. Fig. 4A is a circuit diagram of a pixel 
portion, and Fig. 4B is a diagram showing a pixel arrangement. 

Reference numeral 110 denotes a pixel portion. Source signal 
lines SI to Sx connected to a source signal line driver circuit, and 
gate signal lines Gl to Gy connected to a gate signal line driver circuit 
are formed in the pixel portion 110. Pixels 111 are formed in the 
pixel portion 110 in portions surrounded by the source signal lines 
SI to Sx and by the gate signal line Gl to Gy. Pixel TFTs 112 and 
pixel electrodes 113 are formed in the pixels 111. 

A selection signal is input to the gate signal lines Gl to Gy 
from the gate signal line driver circuit, and switching of the pixel 
TFTs 112 is controlled in accordance with the selection signal. Note 



that the term control of TFT switching denotes selection of an ON state 
or an OFF state for the TFT in this specification. 

The gate signal line Gl is selected in accordance with the selection 
signal input to the gate signal line Gl from the gate signal line driver 
circuit, and the pixel TFTs 112 of pixels (1,1), (1,2), . (l,x) 
in portions at which the gate signal line Gl and the source signal 
line SI intersect are placed in an ON state. 

The two analog image signals having inverse polarities and input 
to the source signal line driver circuit are then sampled in order 
in accordance with a sampling signal from a shift register or the like 
within the source signal line driver circuit . The sampled image signals 
are each input to the source signal lines SI to Sx as display signals. 

The display signals input to the source signal lines SI to Sx 
are then input to the pixel electrodes 113 of the pixels (1,1) , (1,2), . . . , 
(l,x) through the pixel TFTs 112. Liquid crystals are driven by the 
electric potential of the input display signals, the amount of 
transmitted light is controlled, and portions of an image (images 
corresponding to the pixels (1,1), (1,2), (l,x)) are displayed 

in the pixels (1,1), (1,2), . (l,x). 

The gate signal line Gl becomes deselected when the display signals 
are input to all of the pixels connected to the gate signal line Gl. 
With the state in which the images are displayed in the pixels (1,1) , 
(1,2), (l,x) maintained by means such as storage capacitors (not 

shown in the figures ) , the gate signal line G2 is selected in accordance 



with a selection signal input to the gate signal line G2 . Note that 
the term storage capacitor denotes a capacitance for storing the 
electric potential of the display signal input to the gate electrode 
of the pixel TFT 112 for a fixed period. Portions of the image are 
similarly displayed one after another in all pixels (2,1), (2,2), 
(2,x) connected to the gate signal line G2. The gate signal line G2 
continues to be selected during this period. 

One image is displayed in the pixel portion 110 by repeating the 
above operations for all of the gate signal lines in order. The period 
during which the one image is displayed is referred to as one frame 
period. The period during which the one image is displayed may also 
be combined with a vertical return period and taken as one frame period. 
The state in which the image is displayed in all of the pixels is 
maintained by means such as storage capacitors (not shown in the figures) 
until the pixel TFTs of each pixel are again placed in an ON state. 

Note that the two image signals have inverse polarities, and that 
the display signals which are sampled and then input to each source 
signal line also have inverted polarities. A timing chart for the 
selection signals and the display signals input to the gate signal 
lines and to the source signal lines r respectively , in the active matrix 
liquid crystal display device of Figs. 4A and 4B is shown in Fig. 5. 

The term line period denotes a period during which one gate signal 
line is selected, and a period until all line periods LI to Ly appear 
corresponds to one frame period . Alternatively , all of the line periods 
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LI to Ly may also be combined with a vertical return period and taken 
as one frame period. The active matrix liquid crystal display device 
of the present invention has a first half frame period (previous frame) 
and a second half frame period (following frame) for displaying the 
same image . 

An image is displayed in the first half frame period based upon 
the image signal read out from the SDRAM in the first read out period. 
Then, in the second half frame period, an image is displayed based 
upon the image signal read out from the SDRAM in the second read out 
period. The images displayed in the first half frame period and the 
second half frame periods are therefore the same, but the polarity 
of the display signals input to each source signal line is inverted. 

The polarities of the display signals input to the pixel electrodes 
of each pixel when frame inversion drive is performed are shown in 
Fig. 6. First, third, and fifth frame periods in Fig. 6 correspond 
to first half frame periods, and second and fourth frame periods 
correspond to second half frame periods. 

The polarities of the display signals input to the pixel electrodes 
of all pixels are the same in all of the frame periods. The polarities 
of the display signals input to each pixel are then inverted in the 
first half frame period and the second half frame period. 

The images displayed in the first frame period and in the second 
frame period are the same. Further, the images displayed in the third 
frame period and in the fourth frame period are the same. Note that, 
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although a sixth frame period is not shown in the figure, the images 
displayed in the fifth frame period and in the sixth frame period are 
the same. 

The polarities of the display signals input to the pixel electrodes 
of each pixel when source line inversion drive is performed are shown 
next in Fig. 7. First, third, and fifth frame periods in Fig. 7 
correspond to first half frame periods, and second and fourth frame 
periods correspond to second half frame periods . 

The polarities of the display signals input to the pixel electrodes 
of all pixels are the same in all of the frame periods. Further, the 
polarities of the display signals input to the pixel electrodes of 
pixels connected to adjacent source signal lines are inverted. The 
polarities of the display signals input to each pixel are then inverted 
in the first half frame period and the second half frame period. 

The images displayed in the first frame period and in the second 
frame period are the same. Further, the images displayed in the third 
frame period and in the fourth frame period are the same. Note that, 
although a sixth frame period is not shown in the figure, the images 
displayed in the fifth frame period and in the sixth frame period are 
the same. 

Next, the polarities of the display signals input to the pixel 
electrodes of each pixel when gate line inversion drive is performed 
are shown in Fig. 8. First, third, and fifth frame periods in Fig. 
8 correspond to first half frame periods, and second and fourth frame 
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periods correspond to second half frame periods . 

The polarities of the display signals input to the pixel electrodes 
of all pixels are the same in all of the frame periods. Further, the 
polarities of the display signals input to the pixel electrodes of 
pixels connected to adjacent gate signal lines are inverted. The 
polarities of the display signals input to each pixel are then inverted 
in the first half frame period and the second half frame period. 

The images displayed in the first frame period and in the second 
frame period are the same. Further, the images displayed in the third 
frame period and in the fourth frame period are the same. Note that, 
although a sixth frame period is not shown in the figure, the images 
displayed in the fifth frame period and in the sixth frame period are 
the same. 

The polarities of the display signals input to the pixel electrodes 
of each pixel when dot inversion drive is performed are shown next 
in Fig. 9. First, third, and fifth frame periods in Fig. 9 correspond 
to first half frame periods, and second and fourth frame periods 
correspond to second half frame periods. 

The polarities of the display signals input to the pixel electrodes 
of adjacent pixels are inverted in all of the frame periods. The 
polarities of the display signals input to each pixel are then inverted 
in the first half frame period and the second half frame period. 

The images displayed in the first frame period and in the second 
frame period are the same. Further, the images displayed in the third 



frame period and in the fourth frame period are the same. Note that, 
although a sixth frame period is not shown in the figure, the images 
displayed in the fifth frame period and in the sixth frame period are 
the same. 

In accordance with the above structure , the frequency of the image 
signal after being read out from the SDRAM can be made higher than 
the frequency of the image signal before it is written in to the SDRAM 
with the present invention. The frame frequency in the inside of the 
active matrix liquid crystal display device can therefore be made higher 
without raising the frequency of the image signal input from the outside. 
Consequently, clear display of a high definition image can be performed 
without placing a load on an electronic device for generating the image 
signal, and while making it difficult for an observer to see flicker, 
vertical stripes, horizontal stripes, or diagonal stripes. 

In addition, it is very important that the electric potential 
of one image signal, among the image signals output two times from 
the SDRAM, be inverted with the electric potential of the opposing 
electrode (opposing electric potential) as a reference, and then input 
to the source signal line driver circuit. The electric potentials 
of the display signals input to each of the pixels are therefore inverted 
in two consecutive frame periods, with the electric potential of the 
opposing electrode (opposing electric potential) as a reference, and 
the same image is displayed in the pixel portion. The time averaged 
electric potential of the display signal input to the pixels therefore 



52 



becomes closer to the opposing electric potential. Compared to a case 
of inputting different display signals in each frame period, this is 
an effective method for preventing degradation of the liquid crystals, 
and flicker, vertical stripes, horizontal stripes, or diagonal stripes 
are unlikely to be seen by an observer. 

Further, the generation of stripes due to a phenomenon referred 
to as disclination in adjacent pixels is suppressed in accordance with 
using frame inversion in particular with the present invention, and 
a reduction in the overall display screen brightness can be prevented. 

Note that, although an example of using non-interlaced scanning 
is explained for the above driving method, the present invention is 
not limited to this method of scanning. Interlaced scanning may also 
be used for the scanning method. 

Further, by imparting two electric power source voltages, high 
and low, to the D/A converter circuit in the embodiment mode, two analog 
image signals having inverse polarities are output from the D/A 
converter circuit, and one of the signals is selected by means such 
as an analog switch. However, the method of inverting the polarity 
of the image signal is not limited to such, and known methods can also 
be used. For example , mutually inverse polarities can also be included 
as information in two digital image signals before they are input to 
the D/A converter circuit. Further, the polarity of two analog image 
signals output in succession from the D/A converter circuit may also 
be mutually inverted by controlling the height of the electric power 
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source voltage imparted to the D/A converter circuit. 
Embodiments 

Embodiments of the present invention are explained below. 
Embodiment 1 

Input and output timing of an image signal in the first SDRAM 
103 and the second SDRAM 104 of Fig. 1 are explained in Embodiment 
1 using an example which differs from that of Fig. 3. 

The first and the second read out periods are shorter than the 
write in period in Embodiment 1. A blank period during which write 
in and read out of the image signal is not performed is then provided 
after completion of a first and a second read out periods and before 
the start of a next write in period. 

Image signal write in and read out timing for the first SDRAM 

103 and the second SDRAM 104 is shown in Fig. 10. The image signal 
is written to the first SDRAM 103 in the write in period p. The image 
signal input to the first SDRAM 103 in a write in period p is then 
read out two times, in a first read out period p and in a second read 
out period p . 

Further, the image signal is written to the second SDRAM 10 4 in 
a write in period (p-1) . The image signal input to the second SDRAM 

104 in the write in period (p-1) is then read out two times, in a first 
read out period (p-1) and in a second read out period (p-1). 



The write in period p, and the first and the second read out periods 
(p-1) appear at the same time. Namely, the image signal is read out 
two times from the second SDRAM 104 while the image signal is input 
to the first SDRAM 103. 

Further, a write in period (p+1), and the first and the second 
read out periods p appear at the same time. Namely, the image signal 
is read out two times from the first SDRAM 103 while the image signal 
is input to the second SDRAM 104. 

A blank period then appears when the first and the second read 
out periods p are completed. The blank period is a period during which 
write in and read out of image signals is not performed. A write in 
period (p+2) appears when the blank period is completed, and the image 
signal is again written to the first SDRAM 10 3, and at the same time, 
first and second read out periods (p+1) appear, and the image signal 
is thereafter read out two times from the second SDRAM 104. 

It is necessary that the length of the blank period be longer 
than the length calculated by subtracting the sum of the first and 
the second read out periods from the write in period. Any number of 
blank periods may be formed, provided that there is no image flicker. 
By forming the blank period, the image signal is not written to two 
or more SDRAMs, and the image signal is not read out from two or more 
SDRAMs . 

Note that the blank period may also be formed between the write 
in period and the first read out period, and may also be formed between 



the second read out period and the write in period. Further, the blank 
period may also be formed between the first read out period and the 
second read out period. 

The image signal read out twice is then input to the data format 
5 portion 105. 

Embodiment 2 

Hjj Input and output timing of an image signal in the first SDRAM 

|f 103 and the second SDRAM 104 of Fig. 1 are explained in Embodiment 
]$|> 2 using an example which differs from that of Fig. 3 and Fig. 10. 

The first and the second read out periods are longer than the 
% write in period in Embodiment 2. A blank period during which write 
n * in and read out of the image signal is not performed is then formed 
Ill after completion of the write in period and before the start of a next 
S&5 first read out period. 

Image signal write in and read out timing for the first SDRAM 
103 and the second SDRAM 104 is shown in Fig. 11. The image signal 
is written to the first SDRAM 103 in a write in period p. A blank 
period appears after the write in period p. The blank period is a 
20 period during which write in and read out of the image signal is not 
performed. 

The image signal input to the first SDRAM 103 in the write in 
period p is then read out two times , in a first read out period p and 
in a second read out period p, after the blank period is completed. 
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Further, the image signal is written to the second SDRAM 10 4 in 
a write in period (p-1) . A blank period then appears when the write 
in period (p-1) is completed. After completion of the blank period, 
the image signal input to the second SDRAM 104 in the write in period 
(p-1) is then read out two times, in a first read out period (p-1) 
and in a second read out period (p-1). 

The write in period p # and the first and the second read out periods 
(p-1) appear at the same time. Namely, the image signal is read out 
two times from the second SDRAM 104 while the image signal is input 
to the first SDRAM 103 . 

Further, a write in period (p+1), and the first and the second 
read out periods p appear at the same time. Namely, the image signal 
is read out two times from the first SDRAM 103 while the image signal 
is input to the second SDRAM 104. 

A write in period (p+2) appears when the first and the second 
read out periods p are completed, and the image signal is again written 
to the first SDRAM 103, and at the same time, first and second read 
out periods (p+1) appear, and the image signal is therefore read out 
two times from the second SDRAM 10 4. 

It is necessary that the length of the blank period be longer 
than the length calculated by subtracting the write in period from 
the sum of the first and the second read out periods. Any number of 
blank periods may be formed, provided that there is no image flicker. 
By forming the blank period, the image signal is not written to two 



57 



or more SDRAMs, and the image signal is not read out from two or more 
SDRAMs . 

Note that the blank period may also he formed between the write 
in period and the first read out period, and may also be formed between 
the second read out period and the write in period. Further, the blank 
period may also be formed between the first read out period and the 
second read out period. 

The image signal read out twice is then input to the data format 
portion 105. 

Note that it is possible to freely combine Embodiment 2 with 
Embodiment 1 . 

Embodiment 3 

An example of a frame rate conversion portion, differing from 
that of Fig. 1, of a semiconductor display device of the pre sent invention 
is explained in Embodiment 3 using Fig. 12. 

The frame rate conversion portion has there SDRAMs in Embodiment 

3 . 

A frame rate conversion portion 200 has a control portion 201, 
a frame frequency conversion portion 202, and an address generator 
portion 206. Further, the frame frequency conversion portion 202 has 
a first SDRAM (SDRAM 1) 203, a second SDRAM (SDRAM 2) 204, a third 
SDRAM (SDRAM 3) 207, and a date format portion 205. Reference numeral 
208 denotes a D/A converter circuit, which converts an image signal 
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output from the frame rate conversion portion 200 from digital to analog . 

Note that although the frame frequency conversion portion 202 
has three SDRAMs (the first SDRAM 203 , the second SDRAM 20 4, and the 
third SDRAM 207) in Embodiment 3, the number of SDRAMs is not limited 
5 to three . 

An Hsync signal, a Vsync signal, and a CLK signal are input to 
CI the control portion 201. An address generator control signal for 
'£.? controlling drive of the address generator portion, and SDRAM control 
Ifl signals RAM CLK1, RAM CLK2, and RAM CLK3 for controlling drive of the 
ll first SDRAM 203, the second SDRAM 204, and the third SDRAM 207 are 

m 

s& output from the control portion 201 in accordance with the Hsync signal , 

M 

H| the Vsync signal, and the CLK signal. 

Id The address generator portion 206 is driven in accordance with 

^ ■ 

the address generator control signal input from the control portion 
15 201, and determines counter values for specifying the memory address 
locations of the first SDRAM 203, the second SDRAM 204, and the third 
SDRAM 207. For example, if the counter value is 0, then each memory 
address location 0 of the first SDRAM 203, the second SDRAM 204, and 
the third SDRAM 207 is specified. If the counter value is 1, then 
20 the memory address location 1 is specified, if the counter value is 
2, the memory address location 2 is specified; the memory address 
location g is specified if the counter value is q. Counter value 
information is input to the first SDRAM 203, to the second SDRAM 204, 
and to the third SDRAM 207 from the address generator portion 206 as 
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a first counter signal (address count signal 1), as a second counter 
signal (address count signal 2) , and as a third counter signal (address 
count signal 3), respectively. 

Note that the counter value of the first counter signal is referred 
to as a first counter value, the counter value of the second counter 
signal is referred to as a second counter value, and the counter value 
of the third counter signal is referred to as a third counter value. 

A digital image signal (video signal) is input to the data format 
portion 205. Further, the data format portion 205 is connected to 
an alternating current electric power source (AC Cont). 

The digital image signal input to the data format portion 205 
is written into specified locations of the first, the second, and the 
third SDRAMs 203 , 204, and 207, in order. The digital image signal 
is not input to a plurality of SDRAMs at the same time, but is always 
written to only one SDRAM. 

The number of bits of the digital video signal input to the data 
format portion 205 may also be increased, and then written to the first 
SDRAM 203, to the second SDRAM 204, and to the third SDRAM 207. 

The input image signal is next read out in order from locations 
of the first, the second, and the third SDRAMs 203, 204, and 207. The 
digital image signal is not output from a plurality of SDRAMs at the 
same time, but is always output from only one SDRAM. 

Note that output of the image signal is performed twice. Input 
of the image signal to one SDRAM is then performed while output of 
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the image signal from another SDRAM is performed. 

Image signal input and output timing in the first SDRAM 203, the 
second SDRAM 204, and the third SDRAM 207 are shown in Fig. 13. 

An image signal is written to the first SDRAM 203 in a write in 
5 period p. The image signal input to the first SDRAM 203 during the 
write in period p is then read out two times , during a first read out 
period p and during a second read out period p. 
■'*f Further, the image signal is written to the second SDRAM 20 4 in 

Q a write in period (p-1). The image signal input to the second SDRAM 

y i 

110 204 during the write in period (p-1) is then written out two times, 

111 during a first read out period (p-1) and during a second read out period 

CI (P-i). 

{*.* The image signal is written to the third SDRAM 207 in a write 

Q in period (p+1) . The image signal input to the third SDRAM 20 7 during 
15 the write in period (p+1) is then read out two times, during a first 
read out period (p+1) and a second read out period (p+1). 

The write in period p and the first and the second read out periods 
(p-1) appear simultaneously. Namely, the image signal is read out 
two times from the second SDRAM 204 while write in of the image signal 
20 to the first SDRAM 203 is performed. 

Further, the write in period (p+1) and the first and the second 
read out periods p appear simultaneously. Namely, the image signal 
is read out two times from the first SDRAM 203 while write in of the 
image signal to the third SDRAM 207 is performed. 



61 



« 



In addition, a write in period (p+2) and the first and the second 
read out periods (p+1) appear simultaneously . Namely, the image signal 
is read out two times from the third SDRAM 207 while write in of the 
image signal to the second SDRAM 204 is performed. 
5 A blank period appears when the first and the second read out 

periods p are completed. During the blank period of the first SDRAM 

ttf 203, the second SDRAM 204 is in the write in period (p+2), and the 

M«J. 

U! third SDRAM 207 is in the first and the second read out periods (p+1) . 

Ill A blank period appears when the first and the second read out 

sjfo' periods (p-1) are completed. During the blank period of the second 
SDRAM 204, the third SDRAM 207 is in the write in period (p+1), and 

■\! the first SDRAM 203 is in the first and the second read out periods 

III P- 

y k A blank period appears when the first and the second read out 

15 periods (p+1) are completed. During the blank period of the third 
SDRAM 207, the first SDRAM 203 is in a write in period (p+3) , and the 
second SDRAM 204 is in the first and the second read out periods (p+2) . 

The next write in periods begin in each of the first SDRAM 203, 
of the second SDRAM 204, and of the third SDRAM 207, after the blank 
20 periods are completed • 

The image signal that has been read out two times is then input 
to the data format portion 205. One of the image signals, from among 
the image signals read out two times, then undergoes data processing 
in the data format portion 205 so that its polarity is inverted, with 



62 



the electric potential of an opposing electrode of liquid crystals 
as a reference, when converted into analog. The two image signals, 
the data processed image signal and the image signal that has not 
undergone data processing, are then output from the data format portion 
205. 

The two image signals output from the data format portion 205 
are then input to the D/A converter circuit 208 and converted to analog. 
The two image signals that have been converted to analog have inverted 
polarities, with the electric potential of an opposing electrode as 
a reference. The two image signals converted to analog are then input 
sequentially to a source signal line driver circuit. 

Note that the image signals may be converted serial to parallel 
in the data format portion 205, divided into a number of divisions 
corresponding to divided drive, and then input to the D/A converter 
circuit 208. 

The structure of an active matrix liquid crystal display device 
using the method of driving of the present invention, and the polarity 
of display signals input to the pixel portion, are the same as those 
shown in Figs. 4 to 9 , and an explanation is therefore omitted in 
Embodiment 3 . 

Note that write in and read out of the image signal in the first 
SDRAM 203, the second SDRAM 204, and the third SDRAM 207 of Fig. 12 
is not limited to being performed at the timing shown in Fig. 13. The 
first and the second read out periods may also be make longer than, 



63 



or shorter than, the write in period. However, it is very important 
to adjust the length of the blank period so that the image signal is 
not written to two or more SDRAMs, and that the image signal is not 
read out form two or more SDRAMs . 

Further, the blank period may also be formed between the write 
in period and the first read out period, and it may also be formed 
between the second read out period and the write in period. The blank 
period may also be formed between the first read out period and the 
second read out period. 

The image signals read out twice are input to the data format 
portion 205 . 

Embodiment 4 

A detailed structure of a semiconductor display device of the 
present invention driven by an analog method is explained in Embodiment 
4. Fig. 14 is a block diagram of an example of a semiconductor display 
device of the present invention driven by an analog method. 

Reference numeral 301 denotes a source signal line driver circuit , 
reference numeral 302 denotes a gate signal line driver circuit, and 
reference numeral 303 denotes a pixel portion. There are formed one 
source signal line driver circuit and one gate signal line driver circuit 
in Embodiment 4, but the present invention is not limited to this 
structure. Two source signal line driver circuits may also be formed, 
and two gate signal line driver circuits may also be formed. 



The source signal line driver circuit 301 has a shift register 
301_1, a level shifter 301_2, and a sampling circuit 301_3. Note that 
the level shifter 301_2 may be used when necessary, and that it need 
not always be used. Further, a structure is used in Embodiment 4 in 
which the level shifter 301_2 is formed between the shift register 
301__1 and the sampling circuit 301_3, but the present invention is 
not limited to this structure. A structure in which the level shifter 
301_2 is incorporated within the shift register 301_1 may also be used. 

Source signal lines 304 connected to the source signal line driver 
circuit 301, and gate signal lines 306 connected to the gate signal 
line driver circuit 302 intersect in the pixel portion 303. Thin film 
transistors (pixel TFTs) 307 of pixels 305, liquid crystal cells 308 
sandwiching liquid crystals between an opposing electrode and a pixel 
electrode, and storage capacitors 309 are formed in regions surrounded 
by the source signal lines 304 and the gate signal lines 306. Note 
that , although a structure is shown in Embodiment 4 in which the storage 
capacitors 309 are formed, it is not always necessary to form the storage 
capacitors 309. 

Further, the gate signal line driver circuit 302 has a shift 
register and a buffer (neither shown in the figures) . The gate signal 
line driver circuit 30 2 may also have a level shifter. 

A source clock signal S-CLK as panel control signal, and a source 
start pulse signal S-SP are input to the shift register 301_1. A 
sampling signal for sampling a display signal is output from the shift 
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register 30 1_1 . The output sampling signal is input to the level shifter 
301-2, the amplitude of its electric potential is made larger, and 
it is output . 

The sampling signal output from the level shifter 301_2 is input 
to the sampling circuit 301_3 . An image signal is input to the sampling 
circuit 301„3 at the same time, through an image signal line (not shown 
in the figures). 

Each of the input image signals is sampled in the sampling circuit 
301_3 in accordance with the sampling signal, and then input to the 
source signal lines 30 4 as a display signal. 

The pixel TFTs 307 are placed in an On state in accordance with 
selection signals input from the gate signal line driver circuit 302 
through the gate signal lines 306. The sampled display signals input 
to the source signal lines 304 are then input to the pixel electrodes 
of predetermined pixels 305 , through the pixel TFTs 307 in the ON state . 

The liquid crystals are driven by the electric potential of the 
input display signal, the amount of light transmitted is controlled, 
and portions of the image are displayed in the pixels 305 (portions 
corresponding to each pixel ) . 

Note that it is possible to freely combine Embodiment 4 with any 
of Embodiments 1 to 3. 

Embodiment 5 

A detailed structure of the source signal line driver circuit 
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301 shown by Embodiment 4 is explained in Embodiment 5. Note that 
the source signal line driver circuit shown by Embodiment 4 is not 
limited to the structure shown in Embodiment 5. 

Fig. 15 shows a circuit diagram of the source signal line driver 
5 circuit of Embodiment 5. Reference numeral 301_1 denotes the shift 
register, reference numeral 301_2 denotes the level shifter, and 
Q reference numeral 301_3 denotes the sampling circuit. 
h Q The source clock signal S-CLK, the source start pulse signal S-SP, 

ijl and a drive direction switch signal SL/R are each input to the shift 

111 

jio register 301_1 from wirings shown in the figure. Image signals are 
*™ input to the sampling circuit 301_3 through image signal lines 310. 
;f- An example of a case of divided drive with 4 divisions is shown in 
^ Embodiment 5. Four image signal lines 310 therefore exist. However, 
H Embodiment 5 is not limited to this structure , and the number of divisions 
15 can be set arbitrarily. 

The image signals input to each image signal line 310 are sampled 
in accordance with a sampling signal input from the level shifter 301_2 
in the sampling circuit 301-3. Specifically, the image signals are 
sampled in analog switches 311 of the sampling circuit 301_3, and are 
20 input simultaneously to corresponding source signal lines 304__1 to 
30 4_4. 

Display signals are input to all of the source signal lines by 
repeating the above operations. 

Fig. 16A shows an equivalent circuit diagram of the analog switch 
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311. The analog switch 311 has an n-channel TFT and a p-channel TFT. 
The image signal is input as Vin from the wiring shown in the figure. 
A sampling signal output from the level shifter 301_2, and a signal 
having a polarity which is the inverse of the sampling signal, are 
then input from IN and from INb, respectively. The image signal is 
sampled in accordance with the sampling signal, and output as a display 
signal from Vout . 

Fig. 16B shows an equivalent circuit diagram of the level shifter 
301_2. The sampling signal output from the shift register 301_1, and 
the signal having a polarity which is the inverse of the sampling signal , 
are input from Vin and Vinb, respectively. Further, reference symbol 
Vddh denotes application of a positive voltage, and reference symbol 
Vss denotes application of a negative voltage . The level shifter 301_2 
is designed such that a signal input to Vin is made high voltage , inverted, 
and output from Voutb. In other words, a signal corresponding to Vss 
is output from Voutb if Hi is input to Vin, and a signal corresponding 
to Vddh is output from Voutb if Lo is input. 

Note that it is possible to freely combine Embodiment 5 with any 
of Embodiments 1 to 4. 

Embodiment 6 

A frame rate conversion portion of a semiconductor display device 
of the present invention is explained below using Fig. 17. 

The frame rate conversion portion 10 0 shown in Fig. 17 is the 
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same as that shown in Fig. 1, and therefore the embodiment mode may 
be referred to a detailed explanation of its operation and structure. 
However, an image signal output from the frame rate conversion portion 
100 is not input to a D/A converter circuit in Embodiment 6. It is 
5 input as is in a digital state to a source signal line driver circuit. 

Note that the number of SDRAMs is not limited to two, and any 
r;| number may be formed, provided that the number is equal to or greater 
than two. 

j|i A semiconductor display device driven by a digital method used 

in Embodiment 6 is explained using Fig. 18. 
*** A block diagram of an semiconductor display device of the present 

w invention driven by a digital method is shown in Fig. 18. An example 
of an semiconductor display device with a 4 -bit digital drive method 
13 is taken here . Note that the digital drive method semiconductor display 
15 device used by Embodiment 6 is not limited to the structure shown in 
Fig . 18 . The semiconductor display device may have any type of structure , 
provided that display can be performed using a digital image signal. 

A source signal line driver circuit 412, a gate signal line driver 
circuit 409, and a pixel portion 413 are formed in the digital drive 
20 method semiconductor display device, as shown in Fig. 18. 

A shift register 401, a latch 1 ( L AT 1 ) 403, a latch 2 (LAT2) 404, 
and a D/A converter circuit 406 are formed in the source signal line 
driver circuit 412. A digital image signal from the frame rate 
conversion portion 100 is input to address lines 402a to 402d. 
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The address lines 402a to 402d are connected to the latch 1 ( L AT 1 ) 
403. Further, a latch pulse line 405 is connected to the latch 2 (LAT2) 
40 4, and a gray scale voltage line 40 7 is connected to the D/A converter 
circuit 406. 

Note that, for convenience, the latch 1 403 and the latch 2 404 
(LAT1 and LAT2) are each shown as compilations of four latches in 
Embodiment 6 . 

Source signal lines 408 connected to the D/A circuit 406 of the 
source signal line driver circuit 412, and gate signal lines 410 
connected to the gate signal line driver circuit 409 are formed in 
the pixel portion 413. 

Pixels 415 are formed in the pixel portion 413 in portions at 
which the source signal lines 408 and the gate signal lines 410 intersect , 
and the pixels 415 each have a pixel TFT 411 and a liquid crystal cell 
414. 

Digital image signals supplied to the address lines 402a to 40 2d 
are written one after another to all of the LATls 403 in accordance 
with a timing signal from the shift register 401. Note that all of 
the LATls 403 are referred to by the generic name LAT1 group in this 
specification. 

A period until write in of the digital image signal to the LAT1 
group is completed once is referred to as one line period. In other 
words, the period from when write in of the digital image signal to 
the leftmost LAT1 begins, to the completion of write in of the digital 
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image signal in the rightmost LAT1 is one line period. Note that the 
period until write in of the digital image signal to the LAT1 group 
is completed once may also be combined with a horizontal return period 
and taken as one line period. 

The digital image signal input to the LAT 1 group is then transferred 
all at once to each of the LAT 2s 404, and written in, after write in 
of the digital image signal to the LAT1 group is completed. Note that 
all of the LAT 2s are referred to by the generic name LAT 2 group in 
this specification . 

After the digital image signal is transferred to the LAT 2 group, 
a second line period begins. Write in of the digital signal supplied 
to the address lines 402a to 402d is then performed again, in order, 
in the LAT1 group in accordance with the timing signal from the shift 
register 401. 

The digital image signal written to the LAT 2 group is input all 
at once to the D/A converter circuit 406 at the start of the second 
one line period. The input digital image signal is then converted 
in the D/A converter circuit 406 to an analog display signal having 
voltages corresponding to the image information of the digital image 
signal, and is input to the source signal lines 408. 

Switching of the corresponding pixel TFTs 411 is performed in 
accordance with a selection signal output from the gate signal line 
driver circuit 409, and the liquid crystal molecules are driven in 
accordance with the analog display signal input to the source signal 



lines 408. 

The polarity of the analog display signal output form the D/A 
converter circuit 406 is changed in Embodiment 6 by changing the value 
of the image signal input to the address lines 402 for each frame period. 

Note that it is possible to freely combine Embodiment 6 with any 
of Embodiments 1 to 3 . 

Embodiment 7 

An example of manufacturing method of the liquid crystal display 
device which is one of the semiconductor display device of the present 
invention will be described with reference to Figs. 19, and 22. In 
particular , a method for simultaneously forming a pixel TFT and a storage 
capacitor in a pixel portion as well as a TFT in a driver circuit to 
be disposed in the peripheral portion of the pixel portion will be 
described according to steps in detail. 

In Fig. 19A, as a substrate 501, a glass substrate made of, e.g. , 
barium borosilicate glass, aluminum borosilicate glass , such as a #7059 
glass or a #1737 glass available from Corning, may be used. 
Alternatively, a quartz substrate may be used as the substrate 501. 
In the case where the glass substrate is employed, the substrate 501 
may be heat treated in advance at a temperature lower than the glass 
deformation temperature by about 10 to 20° C. Then, an underlying film 
502 made of an insulating film such as a silicon oxide film, a silicon 
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nitride film, or a silicon oxynitride film is formed on a surface of 
the substrate 501 in which a TFT is to be formed, in order to prevent 
impurities from being diffused from the substrate 501. For example, 
a silicon oxynitride film 502a is formed from SiH 4 , NH 3 , and N 2 0 with 
a plasma CVD method to have a thickness of 10 to 200 run (preferably 
50 to 100 nm), and then a hydrogenated silicon oxynitride film 502b 
is formed similarly from SiH 4 and N 2 0 to have a thickness of 50 to 
200 nm (preferably 100 to 150 nm) . Although the underlying film 502 
is described to have a two-layer structure, a single layer of an 
insulating film may be deposited. Alternatively, two or more layers 
of insulating films may be deposited as the underlying film 502. 

A silicon oxynitride film 502a is formed with a parallel-plate 
type plasma CVD method. For forming the silicon oxynitride film 502a, 
SiH 4 of 10 seem, NH 3 of 100 seem, and N 2 0 of 20 seem are introduced 
into the reaction chamber. Other parameters are set as follows: a 
substrate temperature of 325° C, a reaction pressure of 40 Pa, a discharge 
power density of 0.41 W/cm 2 , and a discharge frequency of 60 MHz. On 
the other hand, for forming the hydrogenated oxynitride silicon film 
502b, SiH 4 of 5 seem, N 2 0 of 120 seem, and H 2 of 125 seem are introduced 
into the reaction chamber. Other parameters are set as follows: a 
substrate temperature of 400° C , a reaction pressure of 20 Pa , a discharge 
power density of 0 . 41 W/cm 2 , and a discharge frequency of 60 MHz . These 
two films can be continuously formed only by changing the substrate 
temperature and switching the reaction gases to be used. 



The thus formed oxynitride silicon film 502a has a density of 
9.28 x 10 22 /cm 3 . This is a fine and hard film that exhibits a slow 
etching rate of about 63 nm/min at 20° C against a mixture solution 
(available from Stella Chemifa under commercial designation of LAL500) 
which contains hydrogen fluoride ammonium (NH 4 HF 2 ) of 7 . 13% and ammonium 
fluoride (NH 4 F) of 15.4%. Such a film used as the underlying film 
is effective for preventing alkaline metal elements from being diffused 
from the glass substrate into the semiconductor layer formed on the 
underlying film. 

Then, a semiconductor layer 503a with a thickness of 25 to 100 
rim (preferably 30 to 60 nm) and having an amorphous structure is formed 
with a plasma CVD method, a sputtering method, or the like. A 
semiconductor film having an amorphous structure includes an amorphous 
semiconductor film and a microcrystalline semiconductor film. 
Alternatively, a compound semiconductor film having an amorphous 
structure such as an amorphous silicon germanium film may be employed. 
In the case where the amorphous silicon film is formed with a plasma 
CVD method, it is possible to continuously form both of the underlying 
film 502 and the amorphous semiconductor layer 50 3a. For example, 
after depositing the silicon oxynitride film 502a and the hydrogenated 
silicon oxynitride film 502b with a plasma CVD method as set forth 
above, the reaction gases are switched from the combination of SiH 4 , 
N 2 0 and H 2 to the combination of SiH 4 and H 2 , or only SiH 4 . Then, these 
films can be continuously deposited without being exposed to the ambient 
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atmosphere. As a result, surface contamination of the hydrogenated 
silicon oxynitride film 502b can be prevented, and variations in the 
characteristics and/or a threshold voltage of the resultant TFTs can 
be reduced. 

Thereafter, a crystallization process is performed to form a 
crystalline semiconductor layer 503b from the amorphous semiconductor 
layer 503a. For that purpose, various methods such as a laser annealing 
method, a thermal annealing method (a solid phase growth method) , or 
a rapid thermal annealing method (RTA method) can be employed. In 
the case where the glass substrate or a plastic substrate that has 
poor heat -resistivity is to be employed, a laser annealing method is 
especially preferable to be performed. In the RTA method, an infrared 
lamp, a halogen lamp, a metal halide lamp, a Xenon lamp or the like 
is used as a light source. Alternatively, in accordance with the 
technique disclosed in Japanese Patent Application Laid-Open No. Hei 
7-130652, the crys t alline semiconduct or layer 50 3b may be formed through 
a crystallization process employing metal elements. Further, the 
crystalline semiconductor layer 503b may also be formed through a 
crystallization process employing a laser annealing method and metal 
elements. In the crystallization process, it is preferable to allow 
the hydrogens contained in the amorphous semiconductor layer to be 
first purged. For that purpose, a heat process is performed at 400 
to 500° C for about one hour, so that the amount of hydrogens contained 
in the amorphous semiconductor layer is reduced to 5 atom% or lower. 



By performing the crystallization process thereafter, the surface of 
the resultant crystallized film can be prevented from being roughened. 

Alternatively, when an SiH 4 gas and an Ar gas are used as the 
reaction gases and the substrate temperature is set at 400 to 450° C 
during the formation process of the amorphous silicon film with the 
plasma CVD method, the amount of hydrogens contained in the amorphous 
silicon film can be reduced to 5 atomic% or lower. In such a case, 
no heat treatment is required to be performed for purging the contained 
hydrogens . 

In a case that a crystallization is performed by a laser annealing 
method, the excimer laser and the argon laser or the like of a pulse 
oscillating type or the continuous oscillation type is used as the 
light source. In a case that an excimer laser of a pulse oscillating 
type is used, laser annealing is performed by processing a laser light 
into a linear shape. The conditions of the laser annealing are 
appropriately selected by an operator. For example, a laser pulse 
oscillation frequency is set to 300Hz, and a laser energy density is 
set from 100 to 500 mJ/cm 2 (typically 300 to 400 mJ/cm 2 ) . Then, a linear 
beam is irradiated over the entire surface of the substrate, the 
overlapping ratio of the linear beam at this time is set as 50 to 90 %. 
Thus, as shown in Fig. 19B, the crystalline semiconductor layer 503b 
is obtained. 

Then, a resist pattern is formed on the crystalline semiconductor 
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layer 503b with a photolithography technique by employing a first 
photomask (PM1) . The crystalline semiconductor layer is divided into 
island-patterns by dry-etching to form island-shaped semiconductor 
layers 504 to 508, as shown in Fig. 19C. For the dry etching process 
of the crystalline silicon film, a mixture gas of CF 4 and 0 2 is used. 

Thereafter, impurity elements providing the p-type conductivity 
are added to the entire surfaces of the island- shaped semiconductor 
layers at the concentration of about 1 x 10 16 to 5 x 10 17 atoms /cm 3 for 
the purpose of controlling a threshold voltage (Vth) of TFTs . As the 
impurity elements providing the semiconductor with the p-type 
conductivity, elements in Group 13 in the periodic table, such as boron 
(B), aluminum (Al), and gallium (Ga) are known. As the method for 
adding the impurity elements, the ion injecting method and the ion 
doping method (or the ion shower doping method) as mentioned above 
is suitable. For the large sized substrate, the ion doping method is 
suitable. With the ion doping method, boron (B) is added by employing 
using diborane (B 2 H 6 ) as a source material gas. These doping impurity 
elements can be though omitted, because it is not always necessary, 
the process preferably employed for setting a threshold voltage of, 
especially an n-channel TFT, within a predetermined range. 

The gate insulating film 509 is formed by depositing an insulating 
film containing silicon to have a film thickness of 40 to 150 nm with 
a plasma CVD method or a sputtering method. In this embodiment, the 
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gate insulating film 509 is formed of a silicon oxynitride film having 
a thickness of 120 nm. The silicon oxynitride film formed with the 
source material gases obtained by adding 0 2 into SiH 4 and N 2 0 is a suitable 
material for the purpose since the fixed charge density in the film 
is reduced. Furthermore, the silicon oxynitride film formed with the 
source material gases of SiH 4 and N 2 0 as well as H 2 is preferable since 
the interface defect density at the interface with the gate insulating 
film can be reduced. It should be noted that the gate insulating film 
is not limited to such a silicon oxynitride film, but a single-layer 
structure or a mult ilayer structure of other insulating films containing 
silicon may be used. For example, in the case where a silicon oxide 
film is used, the film can be formed with a plasma CVD method in which 
TEOS (Tetraethyl Orthosilicate ) and 0 2 are mixed to each other, and 
a discharge is generated with a reaction pressure of 40 Pa, a substrate 
temperature of 300 to 400° C, and a high frequency (13.56 MHZ) power 
density of 0.5 to 0.8 W/cm 2 . The thus formed silicon oxide film can 
exhibit satisfactory characteristics as a gate insulating film by being 
subjected to a thermal annealing process at 400 to 500° C. (See Fig. 
19C. ) 

Thereafter, as shown in Fig. 19D, a heat-resistant conductive 
layer 511 for forming a gate electrode is formed on the gate insulating 
film 509 with a first shape so as to have a thickness of 200 to 400 
nm (preferably 250 to 350 nm) . The heat-resistant conductive layer 
511 may be a single layer, or alternatively, have a layered- structure 
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including a plurality of layers such as two or three layers , if necessary . 
The heat-resistive conductive layer in the present specification 
includes a film made of elements selected from the group consisting 
of Ta, Ti, and W, an alloy film including the aforementioned elements 
as constituent components , or an alloy film in which the aforementioned 
elements are combined. These heat -resistive conductive layers can 
be formed with a sputtering method or a CVD method, and it is preferable 
to reduce the concentration of impurities contained therein in order 
to obtain a low resistance. Especially, the oxygen concentration is 
lip preferably set to be at 30 ppm or lower. In this embodiment, the W 
jij film may be formed to have a thickness of 300 nm. The W film may be 
O f ormed with a sputtering method employing a W target , or with a thermal 
U C VD method employing hexaf ulouride tungsten (WF 6 ). In either case, 
W the resistance of the film is required to be lowered in order to be 
used as a gate electrode, so that the resistivity of the resultant 
W film is preferably set to be at 20 \iQom or lower. The W film can 
have a lower resistivity with a larger grain size. However, when a 
larger amount of impurity elements such as oxygens is contained in 
the W film, crystallization is adversely affected to cause high 
resistance. Thus, in the case where a sputtering method is employed 
to form a W film, a W target with the purity of 99.9999% or 99.9 9% 
are employed, and sufficient attention is paid so as to prevent 
impurities from being mixed into the W film from the ambient atmosphere 
during the deposition, thereby resulting in a resistivity of 9 to 20 
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|j,Qcm. 

On the other hand, in the case where a Ta film is used as the 
heat -resistive conductive layer 511, the film can be similarly formed 
with a sputtering method. For the Ta film, an Ar gas is used as a 
sputtering gas. In addition, when an appropriate amount of Xe or Kr 
is added into the gas during the sputtering process, an internal stress 
of the resultant film can be relaxed so that the film can be prevented 
from being peeled off. The resistivity of the a-phase Ta film is about 
20 [iQ cm, and thus can be used as a gate electrode. However, the P -phase 
Ta film has the resistivity of about 180 \xQ cm, which is not suitable 
for forming a gate electrode . Since the TaN film has a crystal structure 
close to that of the a-phase Ta film, the a-phase Ta film can be easily 
obtained by forming the underlying TaN film prior to the deposition 
of the Ta film. In addition, although not illustrated, it is effective 
to form a silicon film having a thickness of about 2 to 20 nm and doped 
with phosphorus (P) below the heat-resistive conductive layer 511. 
Thus, close adhesion to the overlying conductive film as well as 
prevention of oxidation can be realized, and furthermore, alkaline 
metal elements contained in the heat-resistive conductive layer 511 
at a minute amount can be prevented from being diffused into the gate 
insulating film 509 having the first shape. In either case, it is 
preferable to set the resistivity of the heat-resistive conductive 
layer 511 in the range from 10 to 50 \xQ cm. 
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Then, other masks 512 to 517 made of a resist are formed with 
a photolithography technique by employing a second photomask (PM2). 
A first etching process is then performed. In this embodiment, an 
ICP etching apparatus is employed with Cl 2 and CF 4 as etching gases, 
and the etching is performed by forming plasma with an applied RF (13.56 
MHz) power of 3.2 mW/cm 2 under a pressure of 1 Pa. An RF (13.56 MHz) 
power of 224 mW/cm 2 is also applied to the substrate ( to a sample stage ) , 
so that substantially a negative self -biasing voltage can be applied. 
An etching speed of the W film under the above conditions is about 
100 nm/min. In the first etching process, a time period required for 
the W film to be just etched away is calculated based on the 
above-mentioned etching speed, and the resultant time period is 
increased by 20% to be set as the actual etching time period. 

Conductive layers 518 to 523 having a first tapered shape are 
formed through the first etching process. The tapered angle of 15 
to 30 degrees can be obtained. In order to perform the etching process 
without remaining any etching residue, overetching is performed in 
which an etching time is increased by 10 to 20%. A selection ratio 
of the silicon oxynitride film (the gate insulating film 509 having 
the first shape) with respect to the W film is about 2 to 4 (typically 
3) , and therefore, the exposed surface of the silicon oxynitride film 
can be etched away by about 20 to 50 nm through the overetching, so 
that a gate insulating film 580 can be formed to have a second shape 
in which tapered shapes are formed in the vicinity of end portions 
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of the conductive layer 518 to 523 having the first tapered shape. 

Thereafter, a first doping process is performed so that impurity 
elements with one conductivity type are added into the island- shaped 
semiconductor layers. In this embodiment, the impurity elements 
providing the n-type conductivity are added. The masks 512 to 517 
used for forming the first -shaped conductive layers are remained, and 
the conductive layers 518 to 523 having the first tapered shapes are 
used as masks so that the impurity elements for providing the n-type 
conductivity are added with the ion doping method in a self -aligning 
manner. In order that the impurity elements for providing the n-type 
conductivity are added so as to pass through the tapered portion and 
the second shape gate insulating film 580 at the end portion of the 
gate electrode and reach the underlying semiconductor layer, the dosage 
is set in the range from 1 x 10 13 to 5 x 10 14 atoms/cm 2 and the accelerating 
voltage is set in the range from 80 to 160 keV. As the impurity elements 
for providing the n-type conductivity, elements in Group 15 in the 
periodic table, typically phosphorus (P) or arsenic (As) , can be used. 
In this embodiment, phosphorus (P) is used. Through the 
above-described ion doping method, the impurity elements for providing 
the n-type conductivity are added to first impurity regions 524 to 
528 in the concentration range from 1 x 10 20 to 1 x 10 21 atoms/cm 3 , while 
the impurity elements for providing the n-type conductivity are added 
to a second impurity regions (A) 529 to 533 formed below the tapered 
portions in the concentration range from 1 x 10 17 to 1 x 10 20 atoms/cm 3 , 
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although not necessarily uniformly added in the regions. (See Fig. 
20A. ) 

In this process, in the second impurity regions (A) 529 to 533 , 
the concentration profiles of the impurity elements for providing the 
n-type conductivity to be contained in at least portions overlapping 
with the first- shaped conductive layers 518 to 523 reflect changes 
in the film thickness of the tapered portions. More specifically, the 
concentration of phosphorus (P) to be added into the second impurity 
regions (A) 529 to 533 in the regions overlapping with the first-shaped 
conductive layers 518 to 523 is gradually reduced inwardly from the 
end portion of the conductive layer. This is because the concentration 
of phosphorus (P) that can reach the semiconductor layer is changed 
depending on differences in the film thickness of the tapered portions . 

Then, as shown in Fig. 20B, a second etching process is performed. 
This etching process is similarly performed with the ICP etching 
apparatus by employing a mixture gas of CF 4 and Cl 2 as an etching gas 
under the conditions of an applied RF power of 3 . 2 W/cm 2 (13.56 MHz) 
and a bias power of 45 mW/cm 2 (13.56 MHz) under a pressure of 1.0 Pa. 
Thus, conductive layers 540 to 545 are formed to have a second shape 
obtainable under these conditions. Tapered portions are formed at 
respective end portions thereof, in which a thickness is gradually 
increased inwardly from the respective end portions . As compared with 
the first etching process, an isotropic etching component is increased 
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due to a reduction in the bias power to be applied to the substrate 
side, so that the tapered portions are formed to have an angle of 30 
to 60 degrees. The masks 512 to 517 are shaved the periphery potion 
by an etching, and then it will be as the masks 534 to 539 . In addition, 
the surfaces of the gate insulating films 580 having the second shape 
are etched away by about 40 nm, and third gate insulating films 570 
are newly formed. 

Thereafter, the impurity elements for providing the n-type 
conductivity are doped with a reduced dosage at a higher accelerating 
voltage, as compared to the first doping process. For example, the 
accelerating voltage is set in the range from 70 to 120 keV and the 
dosage is set at 1 x 10 13 atoms/cm 2 . The concentrations of the impurity 
elements to be included in the regions overlapping with the conductive 
layers 540 to 545 having the second shape are set to be in the range 
from 1 x 10 16 to 1 x 10 18 atoms/cm 3 . Thus, the second impurity regions 
(B) 546 to 550 are formed. 

Then, impurity regions 556 and 557 with the opposite conductivity 
are formed in the island-shaped conductive layers 504 and 506 that 
constitute p-channel TFTs. The impurity elements for providing the 
p-type conductivity are doped with the second-shaped conductive layers 
540 and 542 as masks to form the impurity regions in a self -aligning 
manner. In this case, the island-shaped semiconductor layers 505, 
507, 508 that constitute the n-channel TFTs are entirely covered with 
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resist masks 551 to 553 formed by employing a third photomask (PM3). 
The impurity regions 556 and 557 in this stage are formed with the 
ion doping method employing diborane (B 2 H 6 ) . The concentrations of 
the impurity elements for providing the p-type conductivity in the 
impurity regions 556 and 557 are set in the range from 2 x 10 20 to 2 
x 10 21 atoms/cm 3 . 

However, these impurity regions 556 and 557 when viewed in more 
detail can be divided into three regions containing the impurity 
elements for providing the n-type conductivity. More specifically, 
third impurity regions 556a and 557a contain the impurity elements 
for providing the n-type conductivity in the range from 1 x 10 20 to 
1 x 10 21 atoms/cm 3 , fourth impurity regions (A) 556b and 557b contain 
the impurity elements for providing the n-type conductivity in the 
range from 1 x 10 17 to 1 x 10 20 atoms/cm 3 , and the fourth impurity regions 
(B) 556c and 557c contain the impurity elements for providing the n-type 
conductivity in the range from 1 x 10 16 to 5 x 10 18 atoms/cm 3 . However, 
when the concentrations of the impurity elements for providing the 
p-type conductivity are set to be at 1 x 10 19 atoms/cm 3 or more in the 
impurity regions 556b, 556c, 557b, and 557c, and the concentrations 
of the impurity elements for providing the p-type conductivity are 
set to become 1.5 to 3 times larger in the third impurity regions 556a 
and 557a, no adverse problems occur for allowing the third impurity 
regions to function as source and drain regions of the p-channel TFTs . 
In addition, portions of the fourth impurity regions (B) 556c and 55 7c 
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are formed to overlap with the conductive layer 540 or 542 having the 
second tapered shape. 

Thereafter, as shown in Fig. 21A, a first interlayer insulating 
film 558 is formed over the conductive layers 540 to 54 5 and the gate 
insulating film 570. The first interlayer insulating film 558 may 
be formed of a silicon oxide film, a silicon nitride film, a silicon 
oxynitride film, or a layered film in which these films are combined. 
In either case, the first interlayer insulating film 558 is formed 
of an inorganic insulating material. The film thickness of the first 
interlayer insulating film 558 is set to be in the range from 100 to 
200 nm. When a silicon oxide film is to be employed, the film is formed 
with the plasma CVD method in which TEOS and 0 2 are mixed to each other, 
and the discharge is generated under the conditions of a reaction 
pressure of 40 Pa, a substrate temperature in the range of 300 to 400° C, 
and a high frequency (13.56 MHz) power density of 0.5 to 0.8 W/cm 2 . 
When a silicon oxynitride film is to be employed, as the first interlayer 
insulating film 558 the film is formed of a silicon oxynitride film 
formed with the plasma CVD method from SiH 4 , N 2 0, and NH 3 , or a silicon 
oxynitride film formed with the plasma CVD method from SiH 4 and N 2 0. 
The film formation conditions in these cases are set as follows: a 
reaction pressure in the range from 20 to 200 Pa, a substrate temperature 
in the range of 300 to 400° C, and a high frequency (60 MHz ) power density 
of 0. 1 to 1.0 W/cm 2 . Alternatively, a hydrogenated silicon oxynitride 
film formed from SiH 4 , N 2 0 , and H 2 may also be used as the first interlayer 
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insulating film 558. A silicon nitride film can also be formed with 
a plasma CVD method from SiH 4 and NH 3 . 

Then, a process for activating the impurity elements providing 
the p-type and n-type conductivities added at the respective 
concentrations is performed. This process is realized as a thermal 
annealing method which employs a furnace anneal oven. Alternatively, 
a laser annealing method, or a rapid thermal annealing method (RTA 
method) may be applied for that purpose. The thermal annealing is 
performed within a nitrogen atmosphere having the oxygen concentration 
of lppmor lower, preferably 0.1 ppm or lower, at 400 to 700° C, typically 
500 to 600° C. In this embodiment, the thermal annealing is performed 
at 550° C for 4 hours. In the case where a plastic substrate having 
a low heating endurance temperature is employed for the substrate 501, 
a laser annealing method is preferably employed. 

After the activation process, the surrounding atmospheric gases 
are switched to a hydrogen atmosphere containing hydrogens at the 
concentration of 3 to 100%. A heat process is performed in this 
atmosphere at 300 to 450° C for 1 to 12 hours so that the island-shaped 
semiconductor layers are hydrogenated. In this process, dangling 
bonds existing in the island- shaped semiconductor layers at the 
concentration of 10 16 to 10 18 /cm 3 are terminated with thermally excited 
hydrogens. As another means for the hydrogenation , plasma 
hydrogenation (in which hydrogens excited by means of plasma are 
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employed) may be performed. In either case, the defect densities in 
the island-shaped semiconductor layers 504 to 508 are preferably set 
to be at 10 16 /cm 3 or lower. For that purpose, hydrogens in the 
island-shaped semiconductor layers are added at the concentration of 
about 0.01 to 0.1 atomic%. 

Then, a second interlayer insulating film 559 made of an organic 
insulating material is formed from 1.0 to 2.0 fim. As the organic 
insulating material, polyamide, accrual, polyimide, polyimide amide , 
BCB (benzocyclobutene) , or the like may be used. Here, polyamide of 
the type that is thermally polymerized after being applied to the 
substrate is used, and the film is formed by carrying out baking at 
300°C. In the case where an acrylic resin is to be used, a two-liquid 
type material is used. A main component and a curing agent are mixed 
and the resultant mixture is applied onto the entire substrate by a 
spinner, and thereafter, a preliminary heating at 80 °C for 60 seconds 
is performed with a hot plate and the baking is further performed in 
a clean oven at 250°C for 60 minutes. 

By thus forming the second interlayer insulating film 559 of 
an organic insulating material, the surface thereof can be easily 
planarized. In addition, since the organic resign material has in 
general a low dielectric constant, a parasitic capacitance can be 
reduced. However, the organic insulating material tends to absorb 
water, and therefore, is not suitable for the use as a protective film. 
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Accordingly, as in this embodiment, it is preferable to combine the 
organic insulating film with a silicon oxide film, a silicon oxynitride 
film or a silicon nitride film formed as the first interlayer insulating 
film 558. 

Thereafter, a resist mask having a predetermined pattern is formed 
by employing a fourth photomask (PM4) to form contact holes that reach 
the respective impurity regions formed in the island- shaped 
semiconductor layers so as to function as a source or drain region. 
These contact holes are formed with a dry etching method. In this 
case, a mixture gas of CF 4 , 0 2 , and He is used as an etching gas to 
first etch away the second interlayer insulating film 559 made of the 
organic insulating material. The first interlayer insulating film 
558 is then etched away with a mixture gas of CF 4 and 0 2 as an etching 
gas. Furthermore, the etching gas is switched to CHF 3 so as to enhance 
a selection ratio with respect to the island- shaped semiconductor layers , 
and the gate insulating films 570 having the third shape are etched 
away, thereby resulting in the contact holes being formed. 

Thereafter, a conductive metal film is formed with a sputtering 
method or a vacuum evaporation method. A resist mask pattern is formed 
by employing a fifth photomask (PM5) , and another etching process is 
performed to form source wirings 560 to 564 and drain wirings 565 to 
568 . A pixel electrode 569 can be formed simultaneously with the drain 
wirings. A pixel electrode 571 represents the one belonging to the 
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adjacent pixel. Although not illustrated, the wirings in this 
embodiment are formed as follows. A Ti film having a thickness of 
50 to 150 nm is formed to be in contact with the impurity regions in 
the island- shaped semiconductor layers functioning as the source/ drain 
regions. Aluminum (Al) films with a thickness of 300 to 400 nm are 
overlaid on the Ti films, and further transparent conductive films 
with a thickness of 80 to 120 nm are overlaid thereon. As the transparent 
conductive films, an indium -oxide -zinc -oxide alloy (In 2 0 3 -ZnO) and 
zinc oxide (ZnO) are also suitable materials. Moreover, zinc oxide 
having gallium (Ga) added thereto (Zno:Ga) for improving a transmit tance 
of visible lights or an electrical conductivity may be advantageously 
used. 

Thus, by employing five photomasks, a substrate in which the 
TFT in the driver circuit (source signal line driver circuit and gate 
signal line driver circuit) and the pixel TFT in the pixel portion 
are formed on the identical substrate can be provided. In the driver 
circuit, a first p-channel TFT 600, a first n-channel TFT 601, a second 
p-channel TFT 602, and a second n-channel TFT 603 are formed, while 
a pixel TFT 604 and a storage capacitance 605 are formed in the pixel 
portion. In the present specification, such a substrate is referred 
to as an active matrix substrate for the purpose of convenience. 

In the first p-channel TFT 600 in the driver circuit, the 
conductive layer having the second tapered shape functions as its gate 
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electrode 620. Moreover, the TFT 600 has the structure in which there 
are provided within the island- shaped semiconductor layer 504 , a channel 
forming region 606 , a third impurity region 607a to function as a source 
or drain region, a fourth impurity region (A) 607b for forming an LDD 
region not overlapping with the gate electrode 620, and another fourth 
impurity region (B) 607c for forming an LDD region partially overlapping 
with the gate electrode 620 . 

In the first n-channel TFT 601, the conductive layer having the 
second tapered shape functions as its gate electrode 621. Moreover, 
the TFT 601 has the structure in which there are provided within the 
island-shaped semiconductor layer 505, a channel forming region 608, 
a first impurity region 609a to function as a source or drain region, 
a second impurity region (A) 609b for forming an LDD region not 
overlapping with the gate electrode 621, and another second impurity 
region (B) 609c for forming an LDD region partially overlapping with 
the gate electrode 621. A channel length is set in the range from 
2 to 7 [im, while an overlapping length of the second impurity region 
(B) 609c with the gate electrode 621 is set in the range from 0.1 to 
0.3. |am This overlapping length Lov is controlled through the thickness 
of the gate electrode 621 as well as an angle of the tapered portion. 
By forming such an LDD region in the n-channel TFT, a high electrical 
field to be otherwise generated in the vicinity of the drain region 
can be mitigated , so that hot carriers are prevented from being generated , 
thereby resulting in prevention of deterioration of the TFT. 



The second p-channel TFT 602 in the driver circuit similarly 
has the conductive layer having the second tapered shape, which 
functions as its gate electrode 622. Moreover, the TFT 602 has the 
structure in which there are provided within the island- shaped 
semiconductor layer 506 , a channel forming region 610 , a third impurity 
region 611a to function as a source or drain region, a fourth impurity 
region (A) 611b for forming an LDD region not overlapping with the 
gate electrode 622, and another fourth impurity region (B) 611c for 
forming an LDD region partially overlapping with the gate electrode 
622. 

The second n-channel TFT 603 in the driver circuit has the 
conductive layer having the second tapered shape which functions as 
its gate electrode 623. Moreover, the TFT 603 has the structure in 
which there are provided within the is land- shaped semiconductor layer 
507, a channel forming region 612, a first impurity region 613a to 
function as a source or drain region, a second impurity region (A) 
613b for forming an LDD region not overlapping with the gate electrode 
623, and another second impurity region (B) 613c for forming an LDD 
region partially overlapping with the gate electrode 62 3. Similarly 
with the second n-channel TFT 601, an overlapping length of the second 
impurity region (B) 613c with the gate electrode 623 is set in the 
range from 0.1 to 0.3|xm. 

The driver circuit is composed of logic circuits such as a buffer 



circuit, the shift resister circuits or the like, as well as a sampling 
circuit formed of an analog switch, or the like. In Fig. 21B, the 
TFTs for forming these circuits are illustrated to have a single-gate 
structure in which only one gate electrode is provided between a pair 
of source and drain regions. However, a multigate structure in which 
a plurality of gate electrodes are provided between a pair of source 
and drain regions may also be used. 

The pixel TFT 604 has the conductive layer having the second 
tapered shape which functions as its gate electrode 624. Moreover, 
the pixel TFT 604 has the structure in which there are provided within 
the island-shaped semiconductor layer 508, channel forming regions 
614a and 614b, first impurity regions 615a, 616, and 617a to function 
as source or drain regions , a second impurity region (A) 615b for forming 
an LDD region not overlapping with the gate electrode 624, and another 
second impurity region (B) 615c for forming an LDD region partially 
overlapping with the gate electrode 624. An overlapping length of 
the second impurity region (B) 613c with the gate electrode 624 is 
set in the range from 0.1 to 0.3 |im. In addition, a storage capacitor 
605 is formed from a semiconductor layer extending from the first 
impurity region 617 and including a second impurity region (A) 619b, 
another second impurity region (B) 619c, and a region 618 into which 
no impurity elements for defining the conductivity type are added; 
an insulating layer formed on the same level as the gate insulating 
film having the third shape; and a capacitor wiring 625 formed by a 



conductive layer having the second tapered shaped. 

In the pixel TFT 604, a gate electrode 624 intersects, through 
a gate insulating film 570, with the island-like semiconductor layer 
508 formed below and stretches over a plurality of island-like 

5 semiconductor layers furthermore to serve as the gate signal line. 
The storage capacitor 605 is formed by a region in which the semiconductor 
layer extending from the drain region 617a of the pixel TFT 604 and 

4-1 the capacitor wiring 625 overlap, through the gate insulating film 

ill 570. An impurity element for controlling valence electrons is not 

y i 

idB added in the semiconductor layer 618 in this structure. 

I*, The above -de scribed structure allows the structures of the 

respective TFTs to be optimized based on requirements required in the 
pixel TFT and the driver circuit, and further allows the operating 

fil 

P k performances and the reliability of the semiconductor device to be 
15 improved. Moreover, by forming a gate electrode with a conductive 
material having the sufficient heat-resistance capability, activation 
of the LDD region or the source/drain regions can be easily performed. 
Furthermore, by forming the LDD region with a gradient in the 
concentration of impurity elements added for the purpose of controlling 
20 the conductivity type when forming the LDD region overlapping with 
the gate electrode via the gate insulating film, an effect of mitigating 
an electrical field, especially in the vicinity of the drain region, 
can be expected to be enhanced. 
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In the case of the active matrix liquid crystal display device, 
the first p-channel TFT 600 and the first n-channel TFT 601 are used 
for forming circuits required to operate at a high speed, such as a 
shift register circuit, a buffer circuit, or a level shifter circuit, 
In Fig, 21B, these circuits are expressed as a logic circuit portion. 
The second impurity region (B) 609c of the first n-channel TFT 601 
has a structure in which the counter-measure against hot carriers is 
emphasized- Moreover, in order to improve breakdown characteristics 
and stabilize operations, the TFT in the logic circuit portion may 
be formed TFT which has a double -gate structure having two gate 
electrodes between a pair of source /drain regions , and can be similarly 
fabricated in accordance with the fabrication process in the present 
embodiment . 

In the sampling circuit composed of the analog switches , the 
second p-channel TFT 602 and the second n-channel TFT 603 having the 
similar structures can be applied. Since the countermeasure against 
hot carriers, as well as realization of a low OFF current operation, 
are important for the sampling circuit, the second p-channel TFT 602 
has a triple -gate structure in which three gate electrodes are provided 
between a pair of source/ drain regions , and can be similarly fabricated 
in accordance with the fabrication process in the present embodiment . 
A channel length is set in the range from 3 to 7|xm, and an overlapping 
length Lov in the channel length direction of the LDD region overlapping 
with the gate electrode is set in the range from 0.1 to 0.3 [im. 
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Thus, whether the gate electrode of the TFT should be a 
single-gate structure or a multigate structure in which a plurality 
of gate electrodes are provided between a pair of source/drain regions, 
maybe appropriately selected depending on the required characteristics 
of the circuit . 

Then, as shown in Fig. 22A, a spacer which is a cylindrical spacer 
is formed on the active matrix substrate of a state shown in Fig. 21B. 
The spacer may be formed by sprinkling particles of a size of several 
microns. Here, however, the spacer is formed by forming a resin film 
on the whole surface of the substrate followed by patterning. Though 
not limited to the above material only, the spacer may be formed by, 
for example, applying NN700 manufactured by JSR Co . by using a spinner 
and exposing it to light and developing it to form in a predetermined 
pattern. The spacer is then cured by heating in a clean oven at 150° C 
to 200 C C. The thus formed spacer can be formed in different shapes 
by changing the conditions of exposure to light and developing. 
Desirably, however, the spacer is formed in a cylindrical shape with 
a flat top portion. When brought into contact with the substrate of 
the opposing side, then, the spacer works to maintain a mechanical 
strength needed for the liquid crystal display panel. The shape may 
be a conical shape, a pyramidal shape, or the like and there is no 
particular limitation on the shape. When the spacer is formed in a 
conical shape, however, the height may be 1 . 2 to 5 jam, the average 
radius may be 5 to 7 Jim, and the ratio of the average radius to the 



radius of the bottom portion may be 1 to 1 . 5 . In this case , the tapered 
angle of the side surface is not larger than ±15° . 

The arrangement of the spacer may be arbitrarily determined. 
Desirably, however, the cylindrical spacer 65 6 is formed being 
overlapped on a contact portion 631 of the pixel electrode 569 in the 
pixel portion so as to cover this portion as shown in Fig. 22A. The 
contact portion 631 loses the flatness, and the liquid crystals are 
not favorably oriented in this portion- Therefore, the cylindrical 
spacer 656 is formed in a manner to fill the contact portion 631 with 
the spacer resin, thereby to prevent disclination in the vicinity of 
the spacer 656. Spacers 655a to 655e are also formed on the TFTs of 
the driver circuit. The spacers may be formed over the whole surface 
of the driver circuit portion or may be formed to cover the source 
wirings and the drain wirings as shown in Fig. 22A. 

Then, an alignment film 657 is formed. Usually, a polyimide 
resin is used as an alignment film of the liquid crystal display element . 
After the alignment film is formed, the rubbing is effected so that 
the liquid crystal molecules are oriented acquiring a predetermined 
pre-tilted angle . The region that is not rubbed in the rubbing direction 
is suppressed to be not larger than 2 (im from the end of the cylindrical 
spacer 656 formed on the pixel portion. The generation of static 
electricity often becomes a problem in the rubbing treatment . However, 
the TFTs are protected from the static electricity due to the spacers 



655a to 655e formed on the TFTs of the driver circuit. Though not 
shown in figure, the spacers 656, 655a to 655e may be formed after 
the alignment film 657 is formed. 

On the opposing substrate 651 of the opposing side are formed 
a light -shielding film 652, a transparent conductive film 653 and an 
alignment film 654. The light -shielding film 652 is formed of a Ti 
film, a Cr film or an Al film with a thickness of 150 nm to 300 nm. 
The active matrix substrate on which the pixel portion and the driver 
circuit are formed, is stuck to the opposing substrate with a sealing 
material 658. The sealing material 658 contains a filler (not shown) , 
and the two substrates are stuck together maintaining a uniform gap 
due to the filler and the spacers 656, 655a to 655e. Thereafter, a 
liquid crystal material 659 is injected between the two substrates. 
The liquid crystal material may be a known material. For example, 
there can be used anti-ferroelectric mixed liquid crystals having no 
threshold value exhibiting a transmission factor that continuously 
changes relative to the electric field and exhibiting electro-optical 
response characteristics, in addition to using TN liquid crystals. 
Some anti-ferroelectric mixed liquid crystals with no threshold value 
may exhibit V-shaped electro-optical response characteristics. The 
active matrix-type liquid crystal display device shown in Fig. 22B 
is thus completed. 

The TFT formed by the manufacturing method of the present 
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invention is extremely effective for the semiconductor display device 
of the present invention which needs faster response rate because of 
the semiconductor layer having a high crystallinity . 

The method of manufacturing a semiconductor display device in 
accordance with the present invention is not limited to this method 
disclosed in the present embodiment - The semiconductor display device 
of the present invention can be fabricated in accordance with a known 
method. 

Note that Embodiment 7 can be freely combined with Embodiments 
1 to 5. 

Embodiment 8 

The present invention can be used in various liquid crystal panels . 
In other words, the present invention can be applied to all of the 
semiconductor display devices (electronic equipments) having these 
liquid crystal panels (active matrix type liquid crystal display) as 
a display medium. 

Such electronic equipments include a video camera, a digital 
camera, a projector (a rear type or a front type) , a head mount display 
(a goggle-type display), a game machine, a car navigation system, a 
personal computer, a portable information terminal (a mobile computer, 
a portable telephone, an electronic book, or the like) , or the like. 
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Fig, 23 shows an example of such electronic equipments. 

Fig, 23A illustrates a display which includes a frame 2001, a 
support table 2002, a display portion 2003, or the like. The present 
invention can be applied to the display portion 2003. 

Fig. 23B illustrates a video camera which includes a main body 
2101, a display portion 2102, an audio input portion 2103, operation 
switches 2104, a battery 2105, an image receiving portion 2106. The 
present invention can be applied to the display portion 2102. 

Fig. 23C illustrates a portion (the right -half piece) of a head 
mount type display, which includes a main body 2201, signal cables 
2202, a head mount band 2203, a screen portion 2204, an optical system 
2205, a display portion 2206, or the like. The present invention can 
be applied to the display portion 2206. 

Fig. 23D illustrates an image reproduction apparatus which 
includes a recording medium (specifically, a DVD reproduction 
apparatus), which includes a main body 2301, a recording medium (a 
DVD or the like) 2302, operation switches 230 3, a display portion (a) 
2304, another display portion (b) 2305, or the like. The display portion 

(a) 2304 is used mainly for displaying image information, while the 
display portion (b) 2305 is used mainly for displaying character 
information. The semiconductor display device in accordance with the 
present invention can be used as these display portions (a) 2304 and 

(b) 2305. The image reproduction apparatus including a recording 
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medium further includes a game machine or the like. 

Fig. 23E illustrates a personal computer which includes a main 
body 2401, an image inputting portion 2402, a display portion 240 3, 
a keyboard 2404, or the like. The present invention can be applied 
to the image inputting portion 2402 and the display portion 2403. 

Fig. 23F illustrates a goggle type display which includes a main 
body 2501 , a display portion 2502 , and an arm portion 2503 . The present 
invention can be applied to the display portion 2502. 

The applicable range of the present invention is thus extremely 
wide, and it is possible to apply the present invention to electronic 
equipments in all fields. Also, the electronic equipments in the 
present embodiment can be obtained by utilizing the configuration in 
which the structures in Embodiments 1 through 7 are freely combined. 

Embodiment 9 

The present invention can be applied to a projector (rear 
projection type or front projection type) . Examples of such pro jectors 
are shown in Figs. 24A to 2 4D, and in Figs. 25A to 2 5C. 

Fig. 24A is a front projector, and is structured by a light source 
optical system and display device 7601, and a screen 7602 . The present 
invention can be applied to the display device 7601. 

Fig. 24B is a rear projector, and is structured by a main body 



7701, a light source optical system and display device 7702 , a mirror 
7703, a mirror 1104, and a screen 7705. The present invention can 
be applied to the display device 7702 . 

Note that an example of the structure of the light source optical 
5 system and display devices 7601 and 7702 of Fig. 24A and Fig. 24B is 
shown in Fig. 24C. The light source optical system and display devices 
7601 and 7702 are composed of a light source optical system 7801 , mirrors 
i*1 7802 and 7804 to 7806, a dichroic mirror 7803, an optical system 7807, 
CI a display device 7808, a phase difference plate 7809, and a projecting 
io l|1 optical system 7810. The projecting optical system 7810 is composed 
III of a plurality of optical lenses prepared with projecting lenses . This 

5;; 

gTj structure is referred to as a three plate type for using three of the 
display devices 7808. Further, an optical lens, a film having a light 
ivA polarizing function, a film for regulating the phase difference, an 
15 IR film and the like may be suitably placed in the optical path shown 
by the arrow in Fig. 24C by the operator. 

Fig. 24D is a diagram showing one example of a structure of the 
light source optical system 7801 in Fig. 24C. In Embodiment 9, the 
light source optical system 7801 is composed of a reflector 7811, a 
20 light source 7812, lens arrays 7813 and 7814, a polarizing 
transformation element 7815, and a condenser lens 7816. Note that 
the light source optical system shown in Fig. 24D is one example, and 
the light source optical system is not limited to the structure shown 
in the figure. For example, an optical lens, a film having a light 
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polarizing function, a film for regulating the phase difference, and 
an IR film may be suitably added in the light source optical systems 
by the operator. 

An example of a three-plate type display is shown in Fig. 24C, 
and an example of a single plate type is shown in Fig. 25A. The light 
source optical system and display device shown in Fig . 25 A is structured 
by alight source optical system 7901, a display device 7902 , a projecting 
optical system 7903 , and a phase difference plate 7904 . The projecting 
optical system 7903 is structured by a plurality of optical lenses 
prepared with projecting lenses. The light source optical system and 
display device shown in Fig. 25A can be applied to the light source 
optical system and display devices 7601 and 7702 of Figs. 24A and 24B, 
respectively. Further, as the light source optical system 7901, the 
light source optical system shown in Fig. 24D may also be used. Note 
that color filters (not shown in the figures) are formed in the display 
device 7902, whereby the display image is colorized. 

The light source optical system and display device shown in Fig. 
25B is an applied example of Fig. 25A, and a displayed image is colorized 
using an RGB rotational color filter disk 7905 as a substitute for 
forming the color filters . The light source optical system and display 
device shown in Fig. 25B can be applied to the light source optical 
system and display devices 7601 and 7702 of Figs. 24A and 24B, 
respectively . 

Further, the light source optical system and display device shown 
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in Fig. 25C is referred to as a color filterless single plate method. 
A micro-lens array is formed in a display device 7916 with this method, 
and a display image is colorized using a dichroic mirror (green) 7912, 
a dichroic mirror (red) 7913, and a dichroic mirror (blue) 7914. A 
5 projecting optical system 7917 is structured by a plurality of optical 
lenses prepared with projecting lenses. The light source optical 
system and display device shown in Fig. 25C can be applied to the light 
*t? source optical system and display devices 7601 and 7702 of Figs. 24A 
and 24B, respectively. Further, an optical system using a combined 

if J I 

io lens and a collimator in addition to a light source may be used as 
W the light source optical system 7911. 

Q As stated above, the applicable range of the present invention 

His extremely wide, and it is possible to apply the present invention 
Cfto electronic devices in all fields. Further, the electronic devices 
15 of Embodiment 9 can also be realized using a structure that combines 
any of Embodiments 1 to 7. 

In accordance with the above structure, the frame frequency can 
be increased without increasing the frequency of the image signal input 
to an IC with the present invention, and therefore there is no load 
20 placed on electronic equipment which generates the image signal, and 
clear display of a high definition image can be performed with flicker, 
vertical stripes, horizontal stripes, and diagonal stripes being made 
less likely to be seen by an observer. 

Further, by using frame inversion in particular with the present 
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invention, the generation of stripes due to the phenomenon referred 
to as disclination between adjacent pixels can be suppressed, and a 
reduction in the brightness of the overall display screen can be 
prevented. 

5 In addition, the electric potentials of the display signals input 

to each pixel in every set of two consecutive frame periods are inverted, 
with the electric potential of the opposing electrodes (opposing 
y0 electric potential) as a reference, and therefore the same image is 
p displayed in the pixel portion. The time average of the potentials 
lOfji of the display signals input to each pixel therefore become very close 
III to the opposing electric potential, and this is effective in preventing 
p liquid crystal degradation compared with a case of inputting different 
lj display signals to each pixel in each frame period. 
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